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intreduction

There is an important need for inert elastomers having good
low temperature flexibility and high temperature stability. Viton
A is used successfully at "high" temperatures but cannot be employed
satisifactorily at tempefatures much beloﬁ -°C. Fluorosilicone

rubber has been developed with utility as low.as -75° but it is’

not a strong material felative to other'matefialg‘gnd it cannot
be satisfactorily employed at temperatures as high as might bev
desired. Nitro rubber also has its disadvéntages, notably that
it decomposes rapidly at temperatures above 200°C.

However, within recent years stable inert fluids have been
made from hexafluoropropene oxide (HE?O) ana these have been found
to have unusually large liquid temperature ranges.

Although it is not particularly eaéy to prepare such compounds,
they can be prepared in a two-sfep synthesis: 1) formation of the

' oligfomer of HFPO and 2) the conversion of reactive fluoride

end groups to an inert group such as an ether. -~
CF3 CF;0
- 1] 1 "
F +n HEPO —_— CF3CF2CF20(CFCFZO)H_ZCE—CP
A, F2
~ CFq4 , |
< ) ' o
CFSCFZCFZO(CFCFZO)n_ZCFZCF3

Values of n as high as 35 have been obtained but the molecular
weight was not nearly high enough to give a gum. Probably a major

cause of fajlure to form high molecular weight products by this
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procedure has been the lack of compatabiiity of tiae fluoriae
initiator and the growing chain.

Another approach to oligiomers of HrlO has been through the
use of diacid fluorides such 'as perfluoroglutoryl fluoride which
of course, give long chain -diacid fluorides

0 0

1A 1" - - -
FC(CFZ)SCF + F —_— QCFZCFZCFZCFZCFZO.

O CF3 CF3 CF3 CFBO

‘O(CFZ)So' + X CFSC\FCFZ —_ FC-CF (OCF,, CFO) (CFZ) O(CFCF 0) CF-CF
' I

In the present study,'considerable attention was given to
compounds of the type shown directly above.since they confain
polyether interiors with functional groups at each end and were
theoretically capable of reaction with other bifunctional molecules
to give polymers. Furthermore, hexafluoropropene oxide was avail-
able from the duPont Co. and no method for its.synthesis had to
~ be developed. : |

When this contract was initiated, two approaches to elastomers
u51ng compounds of type I seemed fea51b1e In the first the acid |
fluorides would be converted to alkyl d110d1des and photolyzed to
polymers. In the second, trifluorovinyl groups would be incorporated
into the prepolymer chain and heated to give repeating cyclobutane
structures. Neither of these routes produced any polymer.

However, it was found that the acid fluoride end groups would
react with fluorodienes to give elastomers which were insoluble in
common reagents. The chemistry involved is described in the
discussion séction.
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Conc i3l 2nsg:

The initial objective of this contract has been realized,
namely, the discovery of methods of formation of high molecular
“weipht gums containing perfluorinated polyether groups in the

I3
o>

backbone.,

Recommendations:

That research be continued in the aréalof the synthesis
of high molecular weight gums containing perfluoroether linkages
. via the photolysis of carbonyl compounds and dienes. A study
should be made of reaction conditions which lead to the best
gums using model compounds. Furthermore, attention should be
given to the use of other epoxides thgn HFPO, such as CFZFFZ
: . \0/

(CFS)ZC-/C(CFS)2 which might give elastomers with extreme thermal
o -

stability.
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Abstract
High molecular weight perfluorocarboh polyether gums have been
obtained by photolysis of oerfluorodienes and diacyl fluorides

containing a perfluorocarbon polyéther backbond. The

materials pbtained can be represented;

CF,-0 CFy CFy CF4 CF,0—CF,
1 1 1 1
CH(CEy, —CF-—CFCF(OCF CF) _O(CF )SO(CFCFZO)HCF-CF-CF-(CFZ)p}

m + n=4,5,6 or 7; p=0, 1 or 2.

and by;

. CF, CFEO. CF, CF CFy CF ;0—CF,
1] t ] 1
-CFZ{(CFZ)ZO(CFCFZO)mCF-CF-CF(OCF CF) 0(CF) ¢ O(CFCF 0) CE-CF-CF—

. CF
, 3
o 1
m + n=4, 5, 6 or 7. ' : -{OCFZCF)HO(CFZ)ZiSFZ

A method has been developed whereby reactive acyl fluoride and
‘trifluorovinyl end groups are converted into inert structures.

In order to investigate the possible preparation of difunctional
molecules which may be useful in polymerT synthesis, the reactions
of hexafluoropropene oxide (HFPO) with Grignard and organolithium
reagents have been studied.

Reactions of Various nucleophilic reagents with HFPO have also

been investigated.

Discussion

Formation of High Molecular Welnht Materials
High molecular weight perfluorocarbon polycthers have been
obtained.

These materials were prepared b\ ph0t01\“1“ of diacylfluorides




of the type (I),

»FOC?F(OCFZQF )mO(CFZ)gchCFZO)ngFCOP (1)

CF;  CFq CFq CF 5

m + n=4,6-EDAF: m + n=5,7-EDAF: m + n=6,8-EDAF m + n=7,9-EDAF.
together with perfluorodienes of the type CF2=CFCF=CF2,

CF,=CF(CF,) ,CF=CF,, CF,=CF(CF,),CF=CF, and

2’
CF ,=CF (OCF ,CF )mO(CFz)SO(QFCFZO)HCF=CF2 (I11).

CF3 CF
(m + n=4, 5, 6 or 7).

3

The high molecular weight perfluorocarbon polyether is represented

by the formula; _
QFZO CF3 CF3 CF3 CF3? CF2

{(CF ) -CF- CFCF(OCF CF) O(CFZ)SO(CFCF O) CF-CF-CF- (CF )p+

m + n=4,5,6 or 7; p=0, 1 or 2.

or in the case of the diene (II) by the féimula

CF F=0 CF CF CF CF.,0==CF
3 92"3 13 'v3 '3103

]
.CF2+(CF2)ZO(CFCFZO)-CF-CFCF (OCFZCF)mO(CFZ)SO(CF CFZO)nCF CF-CF

m+ n=4, 56 or 7. (OCF,CF,)0(CF,) ,}CF,~
2772 272 2

‘Preparation of acyl fluorides of the type (I) (EDAF's) was carried
out by addltlon of HFPO to perfluoroglutaryl fluoride in dlclyme
'1n presence of a small amount of Caesin fluoride. After reactlon
and removal of diglyme, distillation under high vacuum gave EDAF's
_ 6+9 in good yield. The perfluorodiene (II) was obtained by pyrolysis °
of the_dipotassium salt of EDAF's at 230-240°, and purified by
distillation at reduced pressure.
The high molecular wieght material contains 6xetane ring

linkages formed, under photolytic conditions between the CF=0 and

!



CF2=CF groupings. THe use of diacyl fluroides and perfluorodiolefins
thus forms a linear polymer via oxetane ring linkages.

Since the end groups of the perfluorocarbon polyether are
reactive acyl fluoride or trifluorovinyl groups, a novel procedure
for conversion of these groups into inert structures has been
empioyed. Material confaining_reactive acyl fluoride and/or
trifluorovinyl end groups is photolysed first with a péffluoroolefin
e.g., hexafluoropropene or perfluoro-l-heptene to form the inert
oxetane ring struéture;_ _ :

0 9 R .CE=CF CFZ—O _ 0-CF2‘

1" f 2 1 t : 1 '
F-C warmr C-F >  Re-CF—CFumaarmsuCF-CF-Re

uv £

After removal of ﬁnreacted'perfluoroolefin,'the material was
photolysed in the presence of hexafluoroacetone which converts any
trifluorovinyl groﬁps to the inert 6xetane'fing structure;

| (CF) ,C=0 0-CF, CFQ0

CE.=CF winnmCF=CF >  (CF3),C-CFWAA~CE-C(CF,)
2 2 uv . 2 - 3

2

It~is possible thét_if.perfluorokefones are prepared from the EDAF
’acyl.fluorides (eg. via the estér and its reaction with perfluoro-
dienes will yield high moleculér'weight perfluorocarbonpolyethers
- none readily thru using the EDAF compounds themselves. The
fqrmation of oxetanes by photolysis of perflubrdolefins with
ketones is reported to take place more readily than with acyl
fluorides. |

A nﬁhbef of possible methods of cross-linking fhe materials
have been uﬁdef consideration and its felt that a evitable corss-

linking method could be found.
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The formation of a stable fluid by end capping hexafluorpropénd
oxide tetramer by photolysis of this material with hexafluoropropene

has been carried out; )
CF3 CF3 uv 9F3 ('ZFSO--CF2

! 1 1 t
- = : - N - - -
3CFZCFZO(CFCFZO)ZCFCOF CFSLF CPZ CFSCFZCFZO(C CFZO)ZCF CF-CF CF3

CF

Pyrolysis of the potassium salt of the above tetramer has led to

the formation of the corresponding olefin;
9F3 §F3 . CF

A
CFZCFZO(CFCFZO)ZCFCOZK —»  CF.CF

3
. |
CF3 CFZO(CFCFZO)ZCF=CF2

3772

Photolysis of this olefin with hexafluoroacetone has been
carried out and the material containing an oxetane ring has been
obtained:

CF CF.0

CF | | '
3 - 3 CF

* !
CFBCFZCFZO(CFCFZO)2CF=CF2 CF, 2C=' CFSGEZCFZO(CFCFZO)CF-C(CFS)2

An investigation of the reaction of 7-EDAF with pentafluoropyridene
in diglyme in the presence of fluoride jon did not yield any high
mq}gcular weight materials. It was hoped that fluoride ion
‘cétélysed reaction of EDAF with pentafluOrOpYridene at the 2,4 or

6 positions would take place to yield high molecular weight‘materials.

The Reaction of HFPO with Organometallic Reagents

The investigation of the reaction of HFPO with both Grignard
and organolithium reagents commenced by previous workers has been
concluded. It was hoped thaf fhese reaétions would lead to
potentiaily useful difunction molecules for polymer synthesis, e.g.
the reaction of HFPO and CF2=CFMgBr. '

The treatment of HFPO with one equivalent of Grignard

reagent'yielded only compounds of the type (III) i.e.,
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X X

o P i ! R'OH ! .
Cb3Q£6§F2 + RMgX — CF3CFCOF ——— CFSCECOZR (ITI)
R=CH3, CH3CH2, C6H5, CH2=CHCH2, CF2=CF

X=C1 or Br

R'=CH3 or CHSCH2

It is considered that products of the type (III) are formed ty
halide ion attack upon HFPO, the source of halide ion being due

to the equilibrium 2RMgX =— R2
LT

Mg + MgX When carried out

2-

reaction of HFPO and diethylmagnesium'gave a low yield of a

.mixture of six components.

CF,CF-CF, §%§§37 CF,CFBICOF —>  CF, CFCOF
o 2 | > | o
-F
R F
| x=c] <FMgBr CF ,=CFCOF
R “COR
_, (IV)
R=CH,CH.CH,

This possible route is supported by the experimental
ob§ervations that treatment of CF3CPBrCOF and CF2=CFCOF with excess
methylmagnesium bromide yield the ketone Me2C=CFCOMé. |

Treatment of the ester CF2=CFC02CH3 with excess methylmagnesium
bromide yielded the ketone Me,C=CFCOMe withich is in contrast to
treatment of the ester CF2=CFCF2C02CH3 wifh excess-methylmagnesium
bromide which yieided the carbinol CFZBrCF=CFC(CH3)zOH. Presumably
the latter reaction takes place via attack of bromide ion on the
terminal*CF2= group followed by double bond shift and loss of -
‘fluoride ion, and conversion of the ester function to the carbinol

by reaction with Grignard reagent.

Reaction of HFPO with an excess of trifluorovinylmagnesium



bromide did not yield a ketone\of the type (CF2=CF)2C=CFCOCF=CF2.

It is probable that attgck of Gfignard reagents_bn CF2=CF groups

takes place readily to yield the high molecular weight tar obtained.
Reacticn of alkyllithium reagents with HFPO yielded products

of the type (V)

R . R R
RLi voooooo RLL

CF,CF-CF, —l5 CF,CECF,0 F CF ,CE-C-OH
¢ L
0 V) R
R=CH,, CHyCH,, CH,CH,CH,, CH;(CH,), '

The reaction of eduimolar amounts of methyllithidm and HFPO yielded
product (V) (R=CH3) in 28% yield indicating that initial attack
of the alkyllithium reagent at the CF carbon is the difficult
step of the reaction. Once this initial attack has taken place
formation of the carbinol takes place readily. These reactions -
are consistent with the chemistry of HFPO since nucleophilic
attack takes place at the most susceptible CF group. However,
reaction of HFPO and n-butyllithium gives CPSC(OH)(C4Hg)CF2(C4H9)
formed by attack at_the terminal CF2 group. .The different position
of aftack of n-butyllithium as compared to other'élkyllithium
reagents is difficult to explain.

Only tarry material was obtained_from the reactions of
trifluorovinyllithiUm and 3,3,3-trifluoropropthIIifhium and
HFPO. In these cases it is probable that decomposition of the
lithium compoﬁnd takes'place'af é temperéture too low for the .
reactionvwith HFPO to occur. Products of these reactiosn, if

obtained, may have been useful in polymer synthesis.

Reaction of HFPO with nucleophiles

The acyl fluoride CF,BrCOF was prepared and its reaction

2
with fluoride ion and the HFPO was carried out in order to investigate



the p0551b111ty of a reactlon of type ,
CF
3

F7 + CF,BrCOF —> CFzBrCFZO R CFZBrcpzécpcoF

vHowever the product CF3CF2C02CH3_was isolated from the reaction
(addition Qf methanol during work-up) indication that fluoride
jon reacts preferentially with HFPO and not.with the acyl fluoride
'CFzBrCOF.

The reaction 6f hexafluofoaéetone, idodie ion and HFPO was
also studied, in this case the majér product isolated was

(CFS)ZCFOCE(CFS)COZCHS, a small amount of the ester CFSCHECOZMe

was also isolated. This reaction thus takes place in the following

. way; _
| CF4CF-GF, —%?. CF,CFICOF —>  CF5CFCOF + It
-‘\{ ) / K . .
R o j}
solvent -
S : ~©© s CFCHFCOF
- | S , ch30H
CF3CHFC02CH3‘
and ' :
J - L CFSCF CFZ
(CF{),C=0 + F* —p (CF3),CFO Nof % _ (CF4),CFOCF (CF4)COF

l CHSOH

(CF4) ,CFOCF (CF3)CO,CHy

. The reaction of carbonyl fluoride, jodide ion and HFPO yielded a
complex mixture of products with no single component predominating.
A study of.the reactions of HFPO and cyanide ion was carried
out, when carried 6ut using potassium cyanide® in both dimethyl-
formadmide and diglyme, only tar was obtained. A study of the

reaction of zinc cyandie and HFPO has also been made on the bas:s

-
piy
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that zinc fluoride is ineoluble iﬁ the soivent used (diglyme),
‘and this would help to prevent ihterference by reaction of fluoridé.
ion with HFPO. A mixture of two compounds was oetained from this
reaction, these could not definately be identified. Reactlon of
silver cyanide (AgCN) w1th HFPO gave a small amount of a mixture
which was shown by glc to consist of eight eomponents, these were
not separated.

Reaction of calcium carbide and HFPO in diglyme or tetraglyme

yielded the ester.CPSCF(OCHS)COZCH (ca 50%)4 This ester is

3
probably formed by reaction of the diglyme or tetraglyme solvent
with HFPO. | .‘

The reaction of llthlum acetyllde (1n the form of the ethylene
diamine complex L1C:CHH2NCH2CH2NH2 w;th HFPO in diglyme yielded
.only a small amoﬁnt of tarry material. Treatment of HFPO with
 sodium acetylide in THF in the presence of hexamethylphosphorous
trlamlde resulted in an exp1051on When repeated without hexa-

'methylphosphorous triamide being present, the reaction yielded only.

" @ viscous tar.

Numerous methods were investigated for the preparation of

perfluoroacryoyl fluoride and the ester CF2=CFCOZCH3. Initially
the following route was used: A '
.’CH‘fCH2 S '
CFzBrCFCIBr —_ CFZBrCFClCHZCHZBr (66%)
PCl. KMnO
CFzBrCFCICOCI < CFZBrCPCICOZH 44————— CFzBrCFCICH=CH2
(70%) | (49%) T (7139) |
MeOH
2n - .
CFZBrCFCICOZCH3 MaOl CF2=CFC02CH3

85%



Duriﬂgvreaction‘of CFéBr CEC1l CO,CH; and zinc in methanol explosion
occurred, tﬁe-reésen for which is not apparent. . |
Formation of the salt CF2=CFC02L1 via carbonatieh of trifluoro-
vinyllithium was readily carried out and numerous attempts were
: made to convert this salt, and the acid CF2=CFCOZH forﬁed_by
simple hydrolysis of the lithium salt, into’ the acyl chloride,
- acyl fluoride, or ester, were made without success. Thie is .
likeiy to be due to the susceptibility of the trifluorovinyl

~grouping to attack by reagents used. A low yield of the ester

CF,=CFCO,CH

2 ,CH waé obtained in the following way;

AgNO . | CH, T :
Li ——=» CF,=CFCO,Ag —————>  CF,=CFCO,CH;

(9%)

Reaction of tr1fluorov1ny1magne51um ‘bromide with d1ethy1 carbonate

CerCFCO2

did not y1e1d any characterlsable products. Attempted reaction

- of trifluorovinyllithium and'ethyl chloroformate yielded only ethyl

chleroformate;
T . _ _ ' 0
. CF,=CFMgBr + (Et0),C=0 —X—> CF CFG?
2 2 | \oEt

CF.=CFLi + EtOCOC1 —%—> CF, =CFC?
2 - 27 NoEt

A satisfactory method which was used for the preparation of

ACF2=CFCOF and the ester CF2=CFC02CH3'was as follows;
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2n ‘ - CFCl

(CFC1,CFCl, Ti-PTON”  CFCL=CFCl o>  CF,CICFCICCLy
, « - (88%) 3 CFC1,CFCICECL,
Zn/EtOH
' 45% oleum BT '
CF,BrCFCICOCT ™2 CF,CLCFBICCI,Br «——  CF,CICF=CCI,
(77%) | (75%) L (36%)
| SbF;/SbC1
v o
CF,BICFC1COF Zn/Cu
- (83%) - CF,BrCFC1C0,CH;4 ”Ezzg‘“? CF,=CFCO,CH
- (93%) (578
Zn/dioxane '
CF ,=CFCOF
(74%)

Although a falrly long synthe51s each step ‘was found to be rellable
~.and the yields reproducable | ' _ |
‘7The ester CF2=CFCF2COZCH3—was-Teadily-prepared from 2:1

.-telomer from reaction of CF2=CFBr énd SOClz, i.e.,

CFéBrCFClCFzCFCIBr 1.o0leum’ CFi—BrCFClCFZCOZCH3 CF.-CFCF co.CH
__—-———————ﬁ =

- 2.MeOH ~ . 2 2772703

CFZBTCFBrCFZCFC1Br | _ ._C~FzBrCFBrCF2CO2CH3 :

‘Note: f ' _ R : : -Zn/MeOH

Reaction of excess g-bufyllithium with HFPO in a 1:1 mixtufe of
‘hexane/ether at 50-55° (24 hrs) was found to Yield thé carbinol
CF CF(C Hg)C(C4H9) OH (55% yield). This product must be formed by |
. attack of the alkyllithium reagent initially at the CF group of HFPO
as in the case of the reaction of other-alkyllithium.reagents studied.
Previous workers on this contract have found that reagtion of equimolar'
amounts of n-butyllithium in hexane and HFPO gives the carbinol
CF,C(OH) (C,Hg)CF, (C,Hy) (31%) which must be formed by initial attack

of the alkyllithium reagent at the CF2 group of HFPO.

;fB
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Experimental

Preparation of Hexafluoropropene (HEP)

A suspension of zinc (98 g.;.1.5'moles) in 400 ml of 2-propanol
was heacted to reflux and 1,2-dibromohexafluoropropane (436 g.,
1.5 moles) was added slowly. HFP, b.p.-29.4°, was collected in

a trap cooled to -76°. Yield 95%.

Preparation of Hexafluoropropené Epoxide (HFPO)v'

‘Methanol (1350 ml, techn. grade) was added to a 3-liter,

- 3-necked flask, equipped with st@rrer, Dry-Ice/acétone‘condenser
and therometer. Potassium hydroxide (113.4 g., 2.02 moles) was
dissolved in water (178 ml1) and added to the alcohol. The flask
was cooled to -45 té -50° and hydrogen peroxide (50% 675 ml.) was
added slowly, thé temperature.beiﬁg maintained at or below -45°,
Héxéfluoropropene (135 g., 0.81 moles) was added répidly to the

. flask in one portion as a liquid and stirred one hour at -45°., The
flask and the bath were allowed to warm until the mixtﬁre refiuxed
violently at -20° to -24° for‘about 10 minutes. - Tﬁe mixture was
cooled to -40° again for a few minutes, fhe reflux condenser was
exchanged for a gas outlef tube and the temperature was slowly |

raised. The product was collected in traps,-c001ed to -76°.

NI y

Purification of HFPO

Crude HFPO containing unrgacted HFP and CO, was purified by
passing the gas mixture through a solution of bromine (10 ml.) in
1,2-dibromohexafluoropropane (100 ml.). To remove bromine swept
into the traps, the'gas mixture was pasSed‘through a solution of
sodium thiosulphate (5%, 100 ml.), and dried by passage through a

drying towers containing énhydrous calcium shlphate. The carbon
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sdioxide was removed in vacuo. HFPO obtained (53 0 g., 0.32 mole,

>‘40 %) was identified by ir spectroscopy

Reaction of HFPO and Methylmagnesium Bromide

Methylmagnesium Bromide was prepared by standard procedures
by addition of bromo methane (19.0 €., 0.20 nole) to’magnesium
turnings (4.8 g., 0.2 gr atom) in dried THF The solution of
Grignard reagent was then cooled to 0° and HFPO (33 2 g., 0, 20
.mole) was bubbled into the solutlon. The mixture was stirred at
ToOm temperature (10 hrs) then cooled to -10° and methanol (20 ml.) -
added and stirred at room temperature. After washing with 1ce/water/
- HC1 the organic material was extracted with ether, the ether
-extract was dried (CaSO4) and ether removed by distillation.
Fractional distillation of the remaining material yielded CFSCFBr602CH3
(31.0 g., 0.13 mole, 65%), b.p. 104-105°.
.Aggl. Calcd. for C4H BrF4O2 c, 20.1; H, 1.25; F, 31.8.
: . Found: C, 20.2; H, 1.24; F, 31.8.
1ﬂ—nmr singlet 5. 681, 19F nmr; doublet +0.56lppm (CFS, J=9.0 Hz)
— and quartet +57.2 ppm (CFBr, J=9.0 Hz) (TFA ref.). Ir and mass
spectrometry were consistent with the proposed structure.

'Attgmpted reactlon of methylmagnesium iodide and nexafluoropropene
oxide : 3 o

Methylmagne51um iodide was prepared in the usual way by the
addltlon of iodomethane (21.4 g, 0.15 mole) to magnesium turnings
‘(3.6 g, 0.15 g atom) in ether (150 ml). The Grignard reagent was
placed in an autoclave which was then sealed and cooled to -196°.
Hexafluoropropene oxide (24.9 g., 0.15 mole) was condensed into

the autoclave which was then warmed to 40° and maintained at this

4
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'temperéture (16 hrs.). The autoclave wae.opened and the contents
'teken in vacuo into another flask/cooled to -196°, The material
rTemaining in the autoclave was seen tolconsist of mainly.tarry
material, idoine, a small amount of unreacted Grignard. -Vacuum
distillation'of_the material taken from the autoclave in vacuo

‘resulted in decomposition of the material was the liberation of iodine.

_Reactiou of.eﬁcess methvl magnesium btomide and hetafluotourooene otide
| Metbyl maone51um bromide was prepared in the usual way by the
addition of bromomethane (76.0 g., 0.80 mole) to magnesium turnings

(Z0.0‘g.; 0.80 g. atom) in dried ether (ZSO-ml). The solution
of Grignard reagent was cooled to -5° andlhexafluoropropene oxide
’(33.2 g., 0.20 mole) was bubbled iu overhl .1/2 hours. The react1on
:mixture was stirred at -5°+0° (1 hr), room temuerature (10 hrs),
ethanol (20 ml) was added and the reaction mlxture was poured
into ice/water-conc 'HC1. The organic layer was separated, dried-
(CaSO ) and the ether removed by distillation. Fractlonal dlstlllatlon
| of the remalnlng material ylelded WeZC CFCOMe (ll 2 g., 0 96 mole, |
. 48%) 1dent1f1ed by nmr and ir spectroscopy, b.p. 67-68° at 15 mm Hg.
| Anal. Calcd for C6H9FO C, 62.05; H, 7.76; F, 66.4.

Found: C, 62.14; H, 7.81; F, 66.2.
1H nmr indicated the'presence of three dlstlnct methyl groups at
7.911t (doublet, J 2.8 Hz), 8. 04 (doublet J=1.7 Hz), and 8.20t (doublet

J=2.1 Hz). 19F nmr showed a complex mult1plet at 46.0 ppm (TFA ref.).

Reaction of excess Ethvlmagnesium Bromide and Hexafluoropropane Oxide

Etheylmagnesium bromide was prepared by the addition of bromo-

ethane (87.0 g., 0.80 mole) to magnesium turnings (19.2 g., 0.80
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_ g.~éfom] in ether (400 ml). The solution of Grignard feagent was
.cooled to -20° and hexafludropropene oxide'(33.2-g.,v0.2d mole)
‘_wés'bubbled into the solution (2 hr). The reaction mixtufe was .
stirred at 0° (3 hr) then allowed to attéin ambient tempefature
(4 hr). The reaction mixture was pouréd into ice-water/concﬁ HC1
with care (some unreacted'Grignard reagent was preéeﬁt). The
organic material was extracted in the ether layer which was washed
with water then dried (Cald ). The ether was removed by‘rapid
dlstlllatlon, the remaining material was fractlonally distilled
using a vacuum jacketed Vigreux column to yield (CH CHZ)ZC CFCOCHZCHjtm
bp 69-71° at 20 mm Hg. (17.4 g., 0.11 mole, 55%). This material® -

was identified by nmr and ir spectroscopy.

Reaction of Trifluorovinylmagnesium Bromide and HFPO

- Trifluorovinylmagnesium bromide WAS prepared:by-the addition
of trifludfovinyl bromide (32.2 g., 0.20 mole) to magnesium turnihgs
(4,8 g., 0.20 g. atom) in THF at crystal of iodine. AHFPO (33,2 g,
6?20 mole) was bubbled into the Grignard solutién at 0;410°; fhe
reéction mixture was then stirred at room temperature-(8-hrs) and
methanol (20 ml) added. After washing with ice/water/concﬂ HC1
the organic material was extracted with'ether.» After drying'(CaSO4)
“and removal of ethér,-fractional distiliation of 5. The remaining

material yielded CF3CFBrCO CH3 CS0.0'g., with a known pure sample,.

2

Attempted reaction of Excess Trifluorovinvlmganesium Bromide and HFPO

Trifluorovinylmagnesium bromide (0.8 mole) was prepared as
described previously. HFPO 933.2 g., 0.20 mole) was bubbléd into

the solution of Grignard reagent at -10~-15°. The reaction mixture
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was stirred at room temperature (10 hr), then washed with ice/
‘water/HCl. The organic material was extracted with ether, after
drying and removal of ether only viscous tarry material remained.

which could not be distilled even at 0.1 mm Hg.

- Reaction of Perfluorcacryoyl fluoride and Methylmagnesium Bromide

Methylmagnesium bromide (0.4 mole§>was prepared in the usual
way in ether, then cooled to -78° and_perfluoroécryoyl fluoride,
CF,=CFCOF (12-8 g., 0.10 mole) was added (1 hr.). After addition
the reacfion mixture was allowed to attain room femperature (3_hr,)
then stirred (8 hr.). Methanol (20 ml.) was added with further
stirring fhen the reaction mixture was washed with ice-water/HC1,
the organic material was extracted with ether, the ether extract

- was dried, after of ether by distillétion; fractional distillation
of the remaininé\material yielded (CH3)2C=CFCOCH3 (4.7 g., 0,035
mole; 35%) which was identified by comparison with a known pure

- sample.

- The reaction of CF,=CF CO-Mle and methvlmaenesjum bromide

Methjrlmagnesium bromide was pr_epared in the usual way from 'bro‘mom.ethane ,
- (@7.6g., 0.29 niole) and magnesiui;(';. 0g., 0.29 g. atom) in ‘ether (200 ml.) the
‘solu‘tion of Grignard reagent was cooied to —780 anld the ester CFé=CFCOthe

(10. 0g., 0.071 rhole) was added (1 houi’)_ inA ether (25 ml.). The reaction miﬁure was

- warmed fo room temperature (3 h-r..) and then 'poureci into ice water/ conc HCl. The
etﬁer la_vef was extracted, washed wifh witer, and dried (CaS 04). The ether was
removed by distillation, fraciicnation of the remaining nlaj;el‘ial yielded Me2 C=CFCOAIc

¢

(4.3g., 0.37 mole, 537) which was identified Ly i,r. and n.m.r. spectroscopy.

[3

.t r_—— p ner v —— —
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The reaction of CFSCBr}COF and excess Methvlmaoneslum Bromlde

' Methylmacne51um bromlde was prepared by the slow addltlon of
" bromomethane (28.5 g., 0 30 mole) in dry ether to magne51um turnlngs

.o

(7.2 g., 0.20 g. atom) in ether (100 ml. ) at 0 10°

- 0Q

CF,CBrFCOF (21. lc., 0 10 mole) was condensed 1nto the solutlon

3
of Grlgnard reagent (1 hr ) Wthh was maintained at ca.-50°. The'
reactlon mlxture was stlrred at. —4S° (2 hr ) then warmed to room
_temperature (1 1/2 hr.) and st1rred at room temperature (12 hr ).
Methanol (15 ml. ) was added and some reactlon took place, after
‘thls reaction had sub51ded the reactlon mixture was poured into

Zlce—water/conc HCl the organic layer was separated washed w1th

" water (3 x 100 ml) and dried (MgSO4). After removal of ether by

- rapid d1st111at10n the vpc trace of the pxoduct mixture 1nd1cated two

maJor components, (ca. 80% total) and 4 minor components. The
\ : :
"two majoTr components were separated by preparatlve scale vpc and

identified as CF3CBrPCO Me‘(3.9 g., 0.016 mole, 16%) and Me2C=CFCOMe

2
(7.2 g., 0.062 mole, 62%).

The Reaction of HFPO and Diethvlmaonesium- Ethylmagnesium

bromlde was prepared by the add1t10n of bromoethane (32 3 g.,:

0. 296 mole) to maone51um turnings (7.1 g., 0.296 g atom) in

drv ether (120 ml). 1,4-dioxan (26.0 g., 0. 296 mole, L1A1}’4 dried)
was added to the rapidly stlrred Grignard reagent (4 hr.). The

reaction mixture was stirred for a further 10 hours then filtered

under nitrogen.



HFPO (21.0g., 0.126 mole) was bubbled into the ether

solution of diethylmagnesium which was maintained at -78° (1 hr.). The
‘Teaction mixture was warmed slowly to rToom temperature, (6 hr.).

Mcthanol (20 ml) was‘added to the reaction mixture which was then
.poured into water. Tﬁé ethef layer was extraﬁted‘and washed with water
(2x100 m1) and dried (MgSO,). ‘After Temoval of ether, 3.2 g. of oil
remained-which was shown by v.p.é; io consist of six major components.

The Hydrolvsis and Esterification of the Telomer Mixture

CC1F,.CBrE.CF,.CBrC1F and CBrF,.CBrF.CF,.CBrC1F.- The telomer mixture

(SOC g;) was placed in a flask fitted with condensér, dropping funnel

" and stirrer, 30% oleum (1000'g.)'was added éhd'the flask heated

3t 100-120° (3 days). Mecthanol (1000 ml., tech. grade) was added
slowly (8 hr.) with faﬁid stirring. The"mixtufe was then ﬁoured'

into ice/water and the organic material éﬁtracted and dried. V.ﬁ.é;

- indicated that the organic material consisted of the esters'_ )

CC1F..CBrF.CF,.CO,Me and CBrF

2 2 2 2°

‘ratio 3:1.

Z,CBrF.CF CO,Me (440 g.) in the approx.

Dehalogenation of the Ester Mixture.- The mixture of

- .CC1F.,.CBrF.CF,.CO.Me and CBrF,.CBrF.CF COZMe (440.0 g.) was added

2 2 2 2 2
slowly (6 hr.) to zinc dust (196.0 g., 3.0 g. atoms) in refluxing
methanol. (950 ml.).  Anhydrous zinc chloride (5.0 g.) was added
to catalize the reaﬁtion. The reaction mixture was filtered and
the ester was sepérated, washed with water (2x100 ml) and dried

(MgSO4). Fractional distillation.yielded CFZ:CF.CFZ.COZMe (130.0 g.,
0.69 mole) b.p. 95° |
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Reaction of CFZ:CF.CFZ.COZMe and Methylmagnesiﬁm Bromide.- -

Methylmagnesium bromide was prepared by the addition of bromomethane

(76.0 g., 0.80 mole) to magnesium turnings (19.2 g., 0.8 g. atom)

"in ether (250 ml.). The ether solution of methyl magnesium bromide

was added (3 hr.) to a stirred solution of'CFZ:CF,CFZ.COZMe (38.0 g.,

0.20 mole) in ether (100 ml) maintained at ca.-30°. The reaction

mixture was allowed to attain room temperature $lowly and then poured

into ice/conc. HCl. The ether layer was separated, washed with

water (3x100 ml.) then dried (MgSO4). After removal of ether,Afractiona

gistillation of the higher boiling material yielded a single fraction.

An nmr investigation of this product showed it to be the carbinol

CF,Br_ _F (22.5 g., 0.09 méle, 45%), bp 71-72° at 22 mm Hg.

2 e=c ’
F C(CH,) ,OH N

Anal. Calcd. for C6H7BrF40: c, 28.7; H, 2.79; F, 30.25.

Found: C, 28.67; H, 2.65; F, 30.24,

'H nmr showed absorption a 8.18t'(trip1et, 6H, J=2.0 Hz) and 5.047
19F nmr (TFA ref.) ahowed absorption at -27.1 ppm

(doublet of doublets, 2F, J 34.0 and 17.0 Hz), 66.0 ppm (doublet

of triplets, IF, J=134.0 and 17.0 Hz). Infrared spectroscopy

and mass spectrometry were consistent with the proposed structure.

_Reaction of methyllithium and HFPO

Methyllithium (obtained from Foofe Mineral Co.) (128 ml of
¢ solution in etherz0.20 moles) was added slowly to HFPO (33.2
g., 0.20 mole) in ether at ca. 10°. HFPO was retained in the
flask by use of a dry-ice/acetone condenser. An external trap

cooled to -78° was connected to the reaction flask and the reaction
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“stirred aferoom temperatﬁre (8 hr.jJ, thanol (20 ml;j was theo
added and the reaction mixture poured onfo ice/wetter.'-conc-Il HC1,
the ether layer was ektraeted, dried (CaClZ) and the ether removed |
by distillatiOn. Fractionai distillation of the remaining material
yielded the carbinak CFSCF(CHS)C(CHs)on (9.75 g., 0.056 mole, 28%).
Material condensed in ‘the -78° eXternal trap.was identifed as
unreacted HFPO (23 8 g 0 14 mole, 70% recovered). 1H nmr .
Spectrum of the carblnol CF CF(CH )C(CH ) OH showed absorptlon
due to one distinct and two identical methyl groups and OH. Thel

IQF nmr showed absorption due to CF3 with adjacent CF grouping.

6107 40°

“Anal. calcd. for C.H,,F C, 41.4; H, 5.75; F, 43.7.
Found: C, 41.2; H, 6.00; F,

The reaction of Hexafluoropropene Oxide and Excess Methyllitﬁium

Hexafluoropropene ox1de (16 6 g., 0.10 mole) was EOndensed

1nto a steel autoclave contalnlng methylllthlum (120 m1., 1. 6M
: so}utlon in ether, 0. 20 mole) The autoclave was rocked whllst
'Ait~aftaioed'room temperature (1 1/2 hours) and then for a further
24 hours. Absolute ethanol (20 ml;) waé added‘and the autoclave-
__ggs égain rocked (l;l[Z»hQﬁrs).m,The“reaction mixture was .then.
'¥poured onto ice-wafer/cooc. HCliand the organic iayer seperatedl__

washed with water (3 x 100 ml.) then dried_(MgSO4). The ether

was removed by rapid distillation. Fractionation of the remaining
~material using a splnnlno band column afforded a first fraction
b.p. (74 mm.) 54-56° (15.0 g) which became solid when stored at
3-5°, and a second fraction b.p. (46 mm) 72-73° (12.0 g.) which

showed a strong ir absorption at 5.70 w. The lower boiling product
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-was identified as the carbinol CFSCF(CHS)C(CHSJZOH (15.0 g.,
0.086 mole, 43%) by compariSon-with a known pure sample. The
highér boiling material was identified as CFSCF(OCHZCHs)COZCHZCHSf

(12.0 g., 0.55 mole, 28%).

Reaction of Ethyllithium and HFPO (24.9 g., 0.15 mole) was condensed
into an autoclave containing ethyllithium (455 ml 1.1 M-solution
.in benzene =0.5 mole) (ex Alfa Inorganicé). The autociave was
rocked whilst attaining room temperature (2 hr.) and than for a
bfurther 24 hrs at 50-55°. The autoclave was cooled and methanol

(30 ml.) ‘was added to the contents with stirring, the contents of
the autoclave were then poured onto jce/water/conc HCl the
~organic material was separated and dried (CaSO ). After removal

of solvents, spinning band distillation of the remaining material
yielded the carbinol CFSCFEtCEtZOH (16.8 g., 0.078 mole, 52%)

b.p. 92-95° at 48 min, Hg.

~ Anal. Calcd for C9H16F4O c, 50.0; H, 7.41; F,:35.2.
| _Found: C, 50.3; H, 7.8; F,
1H nmr showed absorption assigned to two equivalent etheyl groups,
one ethyl group in a different environment, and OH (6.927). 19F nmr
(TFA ref ) showed absorptlon at -6.1 ppm (doublet, CF3, J=6.0 Hz)
and +100.0 ppm (compleXx, CF). The infrared and mass spectra

were consistent with the proposed structure.

The reaction of n-propyllithiﬁm and hexafluoropropene oxide.

' n- propyllithium was prepared by the addition of n-propyl
chloride (39.0 g, 0.50 mole) to lithium sand (7.0 g., 1.0 g. atom)

in sodium dired hexane, the rate of addltlon was adjusted to keep
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a constant reflux. The solutien of n-propyllithium was filtered
and placed in a 1.21 autoclave under dry nitrogen The autoclave
was cooled to -196° and evacuated hexafluoropropene oxide (25.0 é ,
0.15 mole) was condensed in and the autoclave was rocked at 60°

(8 hr) then cooled and opened. The contents were poured into ice

" water/conc HC1, the hexane layer was separated, washed with water,

and dried (CaSO4). Hexane was removed by distillation. The n-Pr
. 1
remaining material was fractionated under vacuum to yield CFSCF—C—OH
i
nPr é&Pr

bp 83-86° (5 mm Hg) (17.8 g., 0.68 mole, 45%).

Anal. calcd for C12H22F40 C, 55.8; H, 8.53; F, 2945,

Found: €, 55.8; H, 8.56; F,

The 1H nmr spectrum was consistent with the proposed structure.
_ 19F nmr spectroscopy showed absorption at -6.0 ppm (CF3: doublet,
J=6.5 Hz) and +99.0 ppm (CF, complex). Infrared and mass spectrometry

confirmed the proposed structure.

The reaction of n- buty111th1um and HEPO

HFPO (33. 2 g., 0.20 mole) was condensed 1nto a steel autoclave
containing g-butyllithium (384 ml 1.6 M solution=0.60 mole)
(ex Foote Mineral Co. ) The autoclave was rocked whilst attaining
room temperature, then at 50- 55° (24 hr). The autoclave was opened
and the ‘contents poured into ice-water/conc HCl. The organic
layer Qas separated and dried, solvents removed by distillation.
Fractional distillation of the remaining material yielded

C,H

4 9CFZC(OH)(C4H9)CF3 ( g., mole, %) bp 39-40° (0.8 mm‘Hg).

Anal. calcd for C11H19FSO C, 50.37; H, 7.26.
Found: C, 51.23; H, 7.23.
1H nmr showed complex absorption between 8.0 and'9}61, and absorption

due to OH. lgF nmr showed absorption at +1.1 ppm (CFS’ singlet) and
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+43.2 ppm (CEZ, triplet). Inffared and mass spectrometry were

consistent with the assigned structure.

" Preparation of n-pentyilithium and reaction with hexafluoro-
- propene oxide C

“Q-Peﬁtyllithium was prepared from lithium sana (7.0 g., 1.0 g.-
atom)'and .l-chloropentane (53.0 g., 0.50 mole) in hexane (sodium
dried - 400 ml). This miiture was refluxed thst addition of
1-ch10ropenténe was carfied out; then refluxed for a further two
hours, then filtered. . The n-pentyllithium obtained was placed in
al.2 liter_aﬁtociave which was sealed, céoled to -196° and
evacuated. Hexafluoropropene oxide (24.9 g., 0.15 molé) was
condensea into the autoclave, which was rocked at room temperature
3 hours, then at 60° (8 hrs). Upon openiﬁg the contents were
poured into.ice-water/conc. HC1, the organic layer was‘separated,
dried.(CaSO4) then hexane was removed by distillation. Distill-
ation of the remaining material yielded:CF3CF(£-Pt)C(E—Pt)ZdH.v.
(22.6 g, 0.066 mole, 44%) purified by preparative scale glc and

'characterized by nmr spectroscopy.

Reaction of Hexafluoropropene Oxide and Pentafluorophenyllithium.

Pentafluorophenyllithium was prepared by the addition of.ﬁ-
butyllithium (126.0 ml. 1}6'M‘solufion; 0.20 molej at -78° to-
pentafluorobenzene (33.6 g., 0.20 mole) in ether (50 ml.) at'-78°
with rapid stirring. The reaction ﬁixtrue was maintained at -78°
(2 hr.).then hekafluoropropene oxide (33.2 g., 0.20 mole) was
added via a dry ice/acetone condenser (0.5 hr.). -78° was maintained
for a further 4 hr. then the reaction mixture wasrwérmed slowly‘

to room temperature (5 hr.) and poured into ice-water/conc. HC1.
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The organic layer was separated, washed with water (3 x 100 ml)
then dried (MgSO4). After removal of ether and hexanes a sem1-'>v
solid material remained Wthh is at present.under 1nvest1gatlon.‘
Unreacted hexafluoropropene oxide (ca. 15 g.) and butane were

‘collected in an external trap cooled to -78° during the reaction.

Attempted Reaction of Hexafluoropropone Oxide and Tr1fluorov1ny111th1um

Tr1fluorov1nylllth1um was. prepared by condensation.of .

trlfluoroethylene (16.4 g 0.20 mole) into n- butylllthlum (126 ml.,

1. 6M solution in hexanes, 0.20 mole) 1n dry ether (130 ml. ) at -78°.
Hexafluoropropene oxide (33.2 g. . 0.20 mole) was condensed
into the tr1fluorov1nylllth1um solution at -78° via a dry- 1ce/acetone
condenser. The reaction mixture was ma1ntalned at -78° (3 hr.),
then warmed very slowl), at ca. -55° the reaction mixture began
 toblacken rapidly. Unreacted hetafluoropropene oxide (ca. 15 g.)
and butane were collected in an external trap cooled“to”-78°
’Methanol (20 ml. ) was added to the reactlon m1xture Wthh was
then poured onto ice- water/conc HC1, the organic 1ayer was
'separated wasned with water (o X 100 ml) then dr1ed (MoSO )
After removal of_ether and hexanes, a viscous tar remained Wthh

was not investigated futher.

'Preparation of CF,C=CH

L Zin¢ dust (162.5 g., 2.5 g. atoms), zinc chloride (17.0 g.,
- 0. 125 mole) and freshly distilled N,N-dimethyl formamide (500 ml)
. Wwere placed jn a flask fitted with a mechanical stlrrer, addition

funnel, thermometer, and reflux condenser leading to a dry-ice
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cooled trap. The flask was heated to 100° and addltlon of CFSCCI CC1,
(250 ges . 1 25 moles) was commenced, the heat was removed and the '
rate of addltlon Qf olefin adjusted to maintain a témpergture

~__of 95-105° (2 hr. addition time). The reaction mixture was cooled
- to 50-60° and the slow addition of water (500 ml) was commenced,

‘a vigorous gas_evolution~ ensued and the gas was collected in
 the -78° cold trap. I.r. spectroscopy 1nd1bated that the product

| Wthh condensed at -78° was 1,1,1- trlfluoropropyne CFBC:CH

___m(ss 5.g., 0.91 mole,-73 ). %._;__.,_:*...7.. e

“Attempted reaction of HFPO and 3,3,3- trlfluoronropynylllthlum

A flask was fltted with magnetlc stirrer, addltlon funnel; dry
ice condenser and nitrogen inlet tube. Dried ether (500 ml) was placed
in the flask and cooled to -78°. 3,3,3—trif1uoropropyne, CFSCECH
(18.8 g.; 0.20 mole) was condensed into the flask. n-Butyllithium
(120 m1, 1.6 M solution in.hexanesEO.ZO mole) was added over 1 hour_
at -78°. The solution was stirred at -60° (2 hr) then HFPO (11.60 g.,
0.07 mole) was condensed into the flask vis the dry ice acetone
condenser. The mixture was stirred‘at -78° (3 hr) then allowed to
attain ambient temperatufe~(8 hr)f A large amount of black solid
matérial became apparent in the flask. The mixture was poured onto
icefwater/codc. HC1 and the organic matérial extracted with ether,

the ether extract was dried (CaSO4), and the solvents removed to

yield a balck viscous material which was not investigated further.

Px;pxxatlon of a- Browotetrqfluoronrogjon)1 Fluoride.- Diglyme

(40 ml., distilled fromn L1.-\1H4 and stored over 4A molecular sieve)
and vacuun dried lithium bromide were placed in a Fisher-Porter

tube which was evacuated and cooled to -196°. [FPO (16.6g., 0.10 mole)

”l.'

¢
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was c~~densed into the tube.. The tube was sealed and shaken at
‘Toom fPﬂ?erﬂtUTC'(gg-_28°, 8 hr.). The tube was then opened in
‘vacuo and a-brono tetrafluoropropionyl fluoride, CF..CBrF.COF

3
(21.0 5., 0.092 wole, 92%) was collected in a trap cooled to -78°

' Reaction of CF,=CFCOF and trifluorovinyllithium-

Trifluorovinyllithium was prepared by reaction of E-butyl;
lithium (256 hl, 1.6 M solution. in hexénes) and EtZO (120 ml)
. with trifluoroethylene (33.0 g., 0.40'mole) at -78°. Trifluorocethylene
~was added via a dry-ice/acetone condenser, the solution waé
~stirred at -78° (2 hr.) before addition of CF2=CFCOF. A solutioﬁ

of CF.=CFCOF (10.0 g., 0.085 mole) in EtZO (20 ml) at -78° was

2
" added slbﬁly (1 1/2 hr) to the solution of trifluorovinyllithium, -

A vigorous reaction occurred and solid material became apparent

in.the reaction flask. After addition the mixture was warmed to

room temperature (4 hrs.) during which time rapid biackening of

the mixture occurred. The mixture was poured into ice watér/conc HC1,
‘the ether layer was separated, washed with water and dried. After

removal of ether and hexanes, only tarry material remained-no

products were isolated from this tar.

The reaction of CF CBrFCO.Me and Butvllithium
CF4CBrFCO,Mc (23.9 g., 0.10 mole) in dry ether (50 ml.) was
added to a stirred solution of g-butyilifhium (187.0 ml., 1.6M

solution in hexanes, 0.30 mole) in dry ether (100 ml.)'in an ' ’
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‘atmosphere of nitroaen.at -78°. The reactlon mlxturc was nalntalned
at -78° (3 hr.) and then warmed‘to room temperature (4 hr.) during
_ wh;ch it darkened rapldly. Methanol (20 ml. ) was added and the"
reaction_mixture was poured ontoi1ce—water/conc..HC1,_ The organic
~layer was separated washed with ﬁater (2 X 100 ml.) and‘dried.‘
\\(MgSO ). After removal of ether and hexanes by fractlonal dlstlllatlon,
vpc of the remalnlng mater1a1 1nd1cated the presence of ca. 9 components.

The mlxture.was not separated.

The Reaction of CFSCBrFCOF and Butyllithium‘* -

"'“”—€F3CBTPC0F (28.0 g., 0.123 mole) in—-dry-ether-(50 ml.) was ~ "~

n"t_w_addedrto n-butyllithium (232 m1., 1.6M solutlon in hexanes, 0.37 - e

mole) in dry‘ether (1001m1.) at.-78°'(3{hr{) then warmed to room
| temperatore (3 hr.) and stirred for'a:further 6 hours. Methanol
'(20 ml.) was added and the reaction mixture was poured‘onto:ice-
water/conc 'HCl The organiculayer was separated, ’washed with water
(3 x 100 ml. ) then drled (MOSO4) Ether and hexanes were removed
bby fractlonal dlstlllatlon. Vpc of the remalnlng mater1a1 1nd1cat d
the presence of two components in the approx. ratlo 6:1. A sp1nn1ng
band dlstlllatlon of thlS mixture 1s in progress and an nmr 1nvest1gat101

of the products will be carried out.

Attempted Reaction of Methyl-a-bromotetrafluoropropionate and

"Zianc.- Zinc dust (2.3 g., 0.035 g. atom), Benzaldehyde (3.6 g.)
and benzene tSO ml.) were placed in a flask fitted with reflux
condenser, magnetic stirrer and dropping funnel. Methyl-oa-bromo-

| tctrufluoropropionate (8.0 g., 0.032 mole) was added and the reaction
mixture reflUxed (48 hours) then cooled and filtered. V.p,cr

indicated. the presence only of uncharged reactants.
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Attempted Addition of Dibromodifluoromethane to l,l-diéhloro—

"1,2-diflnorcethvlene, - Dibromodifluofomefhane (840.0 g., 4.0 moles),

1,Z-dichloro-l,Z-difluoroethyleﬁe (133.0 g., 1.0 mole)-and benzoyl
peroxide (5.0 g.) were gealed into a 1.3 1. Sﬁeél autoclaveﬂénd
heated at-100—105° (5 hr.). Fr#étional distillatioﬁ of the contents
after reaction yielded unchaﬁged dibromodifiuoromethane and a mixture
(30 g.) which was shown bf v.p.cl to consist of four major cémponents;
Addition of CBrF

,CBrClF to Ethylene.

CBrF,CBrC1F (553.0 g., 2.0 moles) was placed in a 100°ml

2
flask fixed with a reflux condenser, magnetic stirrer and gas inlet

tube. Benzoyl peroxide (10.0 g.) was added and the the contents
of the flask heated to reflux temperature. Ethylene was bubbléd_

-~ into the solution (12'hr,). Fractional distillation of the reaction

-products yielded unreactéd'CBrFZCBrClF (150.0 g., 0.54 mole, 27%),

the required adduct CBrF2CClFCH2

CH,Br (402 g., 1.32 mole, 66%) and
Aviécous telomeric material ca. 35 g. |

Dehydrohalogenation of CBrFZCClFCHZCHZBr

Potassium hydroxide (250 g.) and water (SSO'ml.)»were placed
in a flask which was fitted with a mechanical stirrer,'dropping
funnel and reflux condenser. The solution was heated to refldx
temperature énd CBrF,CC1FCH,CH

2 27772
(2 hr.). The reaction mixture was stirred at reflux temperature

1

Br (158.0 g., 0.52 mole) was added

(6 hr.) and then the organic products were steam distilled from
the reaction mixture. After separation from water and drying

(MgSO4), fractional distillation yielded CBrF CleCH=CHZ»(85.0 g.,

2

0.38 mole, 73%) b.p. 98-100° and unreacted CBrFZCCIFCHZCHZBr

(24.0g., 0.08 mole, 15%).
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Oxidation of CBrFZCClFCH=CH2

Potassium permanganate (336.0 g., 2.1 moles)‘and water (2000 ml.)

were placed in a flask fitted with a reflux condenser, stirrer and

an addition funnel. The ﬁixture was sfirred at 60° and-CBrFZCCIFCH¥CH2 -

-A(151.0 g., 0.68'm01e) was added (2 hr.); The reaction mixture

- was stirred at 60° (6 hr,); cooled to 0° and acidified withvdilute
sulphuric acid,'then treated with sodiﬁm bisulphite solution

(10%) and extracted with ether (3 x 200 ml). The ether extract
~was dried (MgSO4) and the ether was removed by rapid distillation.
Fréctional distillatioh of the remaining material yielded CB?FZCCIFCOZH'

(80.5 g., 0.33 moles, 49%) b.p. 78-81° (S.O-mm.).

Attenpted reaction of CBrF CC1FCO,H and kF/benzoyl Chloride;

2
Benzoyl chloride (100 ml.) and dried potassium fluoride

(11.60 g., 0.20 mole) were placed in a flask which was fitted with

a magnetic stirrer, addition funnel and a reflux condenser

ted to an external trap cooled to -78°. The mixture was
heated fb ca. 80° and CBrF,CC1FCO,H was -added slowly (24.1 g.,
>0.10'mqle)."0n heating the mixture to reflux temperature, Eg.‘
1.0 g. of thg écid flubride CBrEZCFCICOF condensed in the external
“trépg L , .

Reaction of CBrF,CC1FCO.H and Phosphorous Pentachloride

CBrFZCCIFCOZH (24.1 g., 0.10 méle) was dropped onto phoéphorous
-pentachloride under anhydrous conditions. The reaction flask was
heated to allow the acid chloride formed to distill oﬁt.
CBrFZCCIFCOCl (18.5 (18.5 g., 0.07 méle, 70%) b.p. 88-89° was

obtained together with a small amount of phosphordus oxychloride,

POCIS, which was separated by freezing out.

),D.‘
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Preyaratlon of CBrF, CClFuO2

CBrFZCClFCOC1 (18.5 g., 0.07 mole) was dropped slowly into
- methanol (ca. 50 ml) which was cooled to 5°. After additioh the
-“;reaetloa mixture was stlrred for 3 hr. at JOO and then poured into
water. The ester layer was separated and washed with water (3 x 50 ml.)

then dried (CaSO4). The ester CBrFZCClFCOZWe (15.2 g., 0.06 mole,

85%) was jdentified by i.r. spectroscopy.

The Formation of CFZBrCFCICOZMe
CFZBrCFClCO H (70.0 g., 0.29 mole) was placed in a flask

,fltted with a reflux condenser, addltlon funnel and magnetlc

stirrer. - SOC1 (35 7 g., 0.30 mole) and pyrldene (3 drops) were

added and the contents of the flask refluxed (20 hr). After
v evolutlon of HCl and SO2 ceased methanol (ca. 25 ml) was ‘added
dropwise to the reaction products which were cooled in ice/water.
The reaction mixture was stirred for 16 .hours with excess methanol
then poured into water. The organlc mater1a1 was separated ~washed
‘2,W1th water, then drled (CaSO4) Fract10na1 dlstlllatlon of the'
organic material yielded CFZBrCFCICOZVe (46. O g., 0.18 mole, 62%),
| bp 70-73° (57 mm). The purity of this material was confirmed by

./

glc analyis.

Attempted dehalogenation of CFZBrCFCICOZye

CF.BrCEC1CO.Me (40.0 g., 0.16 mole) was added with rapid stirring

2 2
to zinc dust (32.5 g., 0.50 g. atom) in methanol (250 ml). (Zinc
dust was previously activated by washing with 5% HC1l, 3x water, and
6x methanol). Reaction was started with difficulty, then appeared to

continue smoothly. After completion of addition of CFzBrCFCICOZMe,

reaction mixture was left to reflux (8 hr.), however, during this

time an explosion occurred and -all material was lost.
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- Formatlon of CF =CFCO,Li

‘n-BuLi (320 ml in hexanes 1 6M solutlon 0 50 mole) and

ether (300 ml) were placed in a flask fltted with dry- 1ce condenser,
-magnetlc stlrrer and a nltrogen sweep The mlxture was cooled

to -78° and CHF= CF2 (41 0g., 0. 50 mole) was condensed w1th the d
:flask via ‘the dry ice condenser The solutlon was stlrred at -78°
lfor 1 hour to allow the exchange to take place Carbon d1ox1de,

‘ preV1ously dried by passage through a tower of anhydrous_ _._ ,
4CaSO4, was bubbled into the.solutlon of CF2=CFL1 (1 hr.).. The_:
reaction mixture was then allowed to attain ambient _temperature
(6 hr.). The solvents were removed'in;xagug to yield aIYellowish
'powder, CF2=CFC02Li (SG.O_gQ, p.43 mole, 86%) which was'dried E

‘over phosphorous pentoxide in vacuo.

Attempted formation of CF,=CECOC1.

Li (10.0 g., 0.08 mole) was placed in a flask |

CF2=CFCO2
_conta1n1nv phosphorous pentachloride (ca 15 g) in carbon

- tetrachloride. The contents were heated with stirring to 70°
during which the contents of the flask darkened rapidly. No

material was collected in an external trap cooled to -78°,

Preparation of cp2=cpcozg D
CF2=CFC02Li was’prepared by the procedure described above
using 0.5 mole quantities of reactants. Hydrolysis of this salt
was carried out using 50% conc. HCl/water. A visious liquid was
obtained which‘was-dried in vacuo, this material was shown'by.

ir spectroscopy to be crude CF2=CFC02H (41.5 g., 0.33 mole,
65%) L]
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Attempted direct esterification of'CF2¥CFC02LiS.
=CFC02Li (20.0 g., 0.15 mole) was . placed in a flask

CF2
.fitted with a reflux condenser, addltlon funnel and a magnetlc
Stirrer A mixture ofAconc. st04 (5 ml. ) and . methanol (20 m1. )

' was added slowly and the reaction mlxture was st1rred at 30° (5 hr).
The reactlon mlxture was then poured into ice- -water and the organlc.:
material extracted with ether The ether extract was washed

with 5% NaZCO3 solutlon to remove free ac1d then dried (CaSO4)'_
The ether was removed by distillation. On fractlonal dlstlllatlon |

of the remalnlng material decomp051t10n occurred and a black re51due

remained. No CF,=CFCO,Me was obtalned, ' .

Attempted formatlon of CF2 CFCOCl and reactlon with methanol

Crude CF CFCO H (32.0g., 0.25 mole) was dropped slowly onto

2
phosphorous pentachlorlde (104.0 g., 0.50 mole) Gases evolved
were taken into ice cooled methanol via an ice-water condenser
The reactlon flask was heated to ca. 60°. After evolution of

‘gas had ceased, the methanol was poured into water and no organic

‘material remained.

‘Preparatlon of CF2 CFCOZAo

A solutlon of 51lver n1trate (85.0 g., 0.50 mole) in water

,_(300 ml) was added slowly to a stlrred suspension of CF2=CFC02Li

(65.0 g., 0.49 mole) in water (ZOO ml). A white solid precipitate
was.formed, the reaction mixture was stirred at 305 (16 hr). The
solid was filtered, washed with water, then dried over phosphorous

pentoxide in vacuo.

phl
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Reaction of CF2 CFCOZAg and Methyl 1od1de

- Dry CF,= CFCOZAg (117. 0 g., 0. 50 mole), methyl 1od1de (75 0g.,
0. 53 mole) and Freon 113 (170 ml) were plaeed in a flask fltted |
with a magnetlc st1rrer and reflux condenser. "The mlxture was :
:_stlrred at room temperature (10 hr ) durlng'whlch time ‘a flne
pale yellow preC1p1tate of silver iodide became apparentv o

The reactlon mlxture was then filtered throuoh ce11te
'the Freon 113 was removed by d15t1llat10n. Fract10na1 dlstlllatlon"
of the remaining mater1al yielded a fract10na1 bp 85-86° (6;0:g.,
.0.043 mole, 9%) which was shown by ir spectroscopy and glc | |
ianalysie to be CP2=CFC02Me. ngher boiling materials Wthh were .

not 1nvest1gated were also obtained.
vinyl

| Atfempted reaction of trlfluorQ&aone51um bromlde and d1ethy1 carbonate
Magnesium turnings (12.0 g., 0. 50 atom) and THF (200 ml ) |

which had been freshly distilled from sodlum metal were placed

'__1n a flask fitted with a magnet1c stlrrer cooled addltlon funnel

and a dry- ice condenser. Tr1f1u0r0V1nylmaanes1um bromlde was
| prepared by the addition of CF,= =CFBr (80. 5 g., 0.50 mole) in
THF to the magne51um metal at ca. -20°+10° o

Diethyl carbonate (59.0 g., 0.50 mole) was then added to the
" THF solution of Gr1anard reagent at -20° (1 hr. ) The mixture
was allowed to attain room temperature overnight and was tnen
poured into water. The organic material was extracted with
ether, the ether extract was dried (CaSO4). Distillation of this
material yielded, in addition to ether and‘THF, only unreacted

diethyl carboante and a tarry material. No CF2=CFCOZEt was obtained.
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 Attempted reaction of trifluorvinyl lithium and ethyl.chloroformate.

- CF =CFLi was prepared as deseribed previously by.the addition

2
‘of CHFQCFZ (41 0 g., 0.50 mole) to n-BulLi ‘in ether. " The mixture
:was stirred for 2 hr at -78° to allow exchange to take place,l
b'jtthen 1t was cooled to —120° (ether/llquld nltrogen slush).

Ethyl chloroformate (54!2g,,_0.50 mole);1n5ether'(l00 ml), |
precooled‘to -78° was added slowly tlAhr.);'fThe mixture was‘theh
allowed to obtain r00m temperature (6 hr). The mixture was =
flltered and the ether and hexanes were removed by d1st111at10n.
"Dletlllatlon of the rema1n1ng materlal using a spinning band
column afforded diethylcarbonate bp 125° (14'6 g., 0.12 mole, 24%)
‘and a visious re51due which was not 1nvest1gated further o

Dlethylcarbonate obtalned was 1dent1f1ed by an ir and glc comparlson '

with an'authentlc sample.

Preparation of Trifluoroacetyl Chloride .

. Phosphorous pentachloride (120 g) was plaéed in a flask
fitted with an addition funnel and reflux condenser. Trifluoro-

acetic acid (50.0 g., 0.51 mole) was dropped onto the phosﬁhorous

o

pentachloride (2 hours), and the gas evolved was taken via the reflux
condenser into an external trap eooled'to -78°. Trifluoroacetyl ,
chloride (54.0 g., 0.41 mo¥e, 80%) was identified by i.r.

spectroscopy.

Attempted Reaction of CFSCOCIHahd Trifluoroethylene;

A 120 ml capacity steel autoclave was loaded with anhydrous

aluminium chlorde (13.3 g., 0.10 mole) and carbon tetrachloride
(30 ml). The autoclave was sealed, cooled to -196° and evacuated.

CF,COCL (40.0 g., 0.30 mole) and CHF=CF,

condensed in. After attaining room temperature, the autocalve

(12.3 g., 0.15 mole) were
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was heated at 60° (¥5°) (6 hr.). The bomb was then cooled in

jce/water and the volatile contents vented into an external trap

‘at -78°, The remaining contents of the bomb were ooured into

ice/conc HC1 and the CCl4 layer was separated, washed with water,

then dried (CaSO,). G.l.c. did not indicate the presence of

. any adducts

The Attempted Reaction of CF2 CFCOZLl and ITodoethane.

The lithium salt of perfluoroacaylic aC1d was prepared by

the method described in previous reporte. The salt was dried over
phosphorous pentorlde in vacuo (4 days).

s

CF CFCO Li (20.0 g., 0.15 mole) and 1odoethane (50.0 g.,

2
0.51 mole) were placed in a flask fltted with a reflux condenser
and magnetic stirrer, and refluxed (6 hr.). gg, 0.1 g. hydro-
quinone was added to inhibit polymerization. No CF2=CFC025t was
obtained. | | |

~ Attempted bromination of Derfluoroacrvllc acid.

Perfluoroacrylic acid (100.0 g., 0.80 mole) in CCl4 (300 ml).n.z.

was placed in a flask fltfed'with a magnetic stlrrer, addition
funnel and reflux condenser. Bromine (128.0 g., 0.80 g. atom)
was addedvslowly to the reaction mixture which kas refluxed
and irridiated with a u.v. lamp. The bromine color was notA

discharged at all.

Preparation of CFC1=CEC1 .

Frcon 112 (CFCléCFClz) (2700 g., 13.0 moles) and isopropanol
(2000 g., 31.0 g. atoms) in iso-propanol (2.5 1) to which zinc

cloride (50 g) had been added. The gas evolved was coiiected in

traps cooled to -78°, and was shown by i.r. spectroscopy to

z., 11.4 moles, S3 3).

'“l.‘.
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Reaction of CFCly and™CFCI=CFCLl. .. ®:. =~ -~ - . f

Ffeon 11 (CFClg) (1490 g., 11.80 moles) and aluminium
ehloride (70.0 g., 0.50 moles) were placed in a flask fitted with’
a dry ‘ice cendenser and etirrer. The temperature was maintained
at 18-20° and.CFC1=CFC1 was distilled from phosphorous pentoxide
into the flask. The reaction miiture blackened and was stirred
at 18-20° (10 hr) then refluxed (3 hr. ) -50% HCl (400 ml) was

added to the flask and the organic materlal was separated

Distillation of this material yielded the requlred ad_ducts,. b.p.

150-153° (1340 g.).

Dehalogenation of C3_(_31523 fraction from CFCl, + CFCl=CFC(Cl

" A 5-liter flask was fitted with a mechanical stirrer, a Dean-Stork head
summounted by a reflux condenser; and an addition funnel, Ethanol (31.) zinc dust
(1300 g~,'. 20.0g. atoms) and zinc chloride (ca 10 g) were placed in the flask and
-hlezited to reflux tembcrdfﬁre. The C4Cl Fg fraction in ethanol (2670 g., 9.9 moles)

was added dropwise and the ethanol /product mixture distilled out continuously

during the reaction. After washing with water, the product was dried (MgSOy)
and rectified to yield C3F'3c1 b.p. (710 0g., 3.56 moles 36%) which was

characterized by ir spectroscopy.

Bromination of CFZCICF=CClé

CFZCICF=CC12 (273.0 g.,'l?37 moles) was placed in a vycor
flask Wthh was fltted with a reflux condenser magnetic stirrer
and addltlon funnel Bromine (220.0 g., 1 38 g. atoms) was- added
whllst the contents of the flask were maintained at ca. 60°, and

irradiated with a sun-lamp (4 hr.). The crude product was taken
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" into Freon 113 and washed Wlth 10% aqueous sodium bisulphite
;A.s01ut10n, then washed with water and dried (CaClz). Ereon 113 was
-removed hy distillation.‘ Fractional distillation of the remaining
_‘materlal ylelded CF2C1CFBrCC1 Rr (353 g , 1.03 moles, 75%) bp 81-82°,

Hydrolysis of CF,C1CFBrCCl,Br

Fumlng sulphurlc acid (86 ml. 453% SOS) was placed in a flask
which was fitted with a magnetic stlrrer, reflux condenser connected
to a sulphurlc aC1d bubbler and an addltlon funnel. CFZClCFBrCClzBr
(353 g., 1. 03 moles) and-ca. 1.0 g mercuric oxide catalyst were

o added to the flask. The reaction mixture was stirred at ambient
e temperature (16 hr), then at 80° (16 hr) and flnally at 100°
(16 hr). " The reactlon flask was fitted W1th dlstlllatlon apparatus
and crude-aC1d chiorlde was dlstllled out at 100 108°. fractlonal
- distillation of,the curde product afforded,CFZCICFBrCOC1 (205 g.,
0.79 moie,'77%5dwhich was'characterized by i.r. spectroscopy.

Preparation of CF2 C1CFBrCOF

CF,Cl CFBr COCl (90 og., 0.35 mole) and an equimolar mixture of antimony
pentachloride and antimony trifluoride (186 0 g) were placed in a flask fitted with
fractionating column and partial take-off head The flask was heated on an oil bath

to 104 and mamtamed at this temperature (2hr.), during which time a liquid b.p.

64-66 distilled off, The flask was heated to 130° and more liquid b. p. 64-66
distilled off. Fractional distillation of this liquid yielded CF 2 CICFBrCOF

: (70.5 g., 0.29 mole, 83%) b.p. 65-660, which was identified by i.r. spectroscopy.

Dehalogenation of CF_CICFBrCOF

 CF,CICFBr COT (45,0 g., 0.18 mole) in anhydrous dioxane (40 ml.) was added over

4 br, to zine dust (20.0g., 0. 32 g. atom) in dioxane (100 ml.) at 100° with rapid
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-

.étirring. The gas evolved was taken via a reflux condenser and condensed in a trap
cooled to ~78°. The mixture was refluxed for 5 hrs. The condensed material was

, | | | .
fractionally distilled to yield CF,=CFCOF (17.0 g., 0.13 mole, 74%) b.p. 23-28",.

2

- which was identified by i.r. and n.m.r, spectrometry.

Preparation of CF ClCFBrCOZMe

CFZCICFBrCOCl (43 0 g., 0.165: mole) was added slowly (1 hr )
to ice- cold methanol (120 ml). The mixture was refluxed (2 hr )
then Freon 113 was added (150 ml) and the material washed with
.water'(S X 200 ml), then dried (CaClZ). AFter removal of Freon:
113, fractional distillation yielded4CP2C1CFBrC02Me (39.0'g., 0.15;

mole, 93%) which was identified by i.r. spectroscopy.

Preparation of CF2=CFC02Me'

Copper activated zinc dust (27.0 g., 0.41 g. atom) was ﬁlaced
in a flask together with anhydrous ether (120 m1.). The mixture

2C1CFBrC02Me

'(39.0 g., 0.153 mole) was added dropwise (1 hr.), and the mixture

- was heated to reflux with rapid stirring and CF

was stirred for a further 3 hrs. under reflux. The mixture was, 
then filtered and the ether was rémoved by distillatioh. The
remaining material was taken 1nto another flask in vacuo, fractlonal
vdlstlllatlon of this~ material ylelded CF2 CFCOzMe (12 0 g. 0.086
mole, 57 %) b.p. 85- 87°, which was characterized by i.r. and n.m.r.

spectroscopy.

Investization of the reaction of ammonia and hexafluoronropene.

Ammonia and hexafluoropropene (approx. 2:1 ratio by volume) were passed through
a glass tube (3 1/2 ft, x 1" 'i.d.), No reaction occurred even when the tube was heated.
Ammonia (2.7 8., 0.16 mole) and hexafluoropropene (15.0, 0.10 mole) were

condensed into a monel autoclave (capacity 80 ml.). The autoclave was warmed to
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room temperature then rocked at this temperature (3 days); Upon
'ppeniné no volatile products werelpresent. A brown solid material
was present in the autoclave, this was washed with water and |
extracted with ether. After drying, the ether was removed to

- yield a viscous tar.

Preparation of 1,l—dichloro—Z,Z—difluoroethylene

Freon 112A, CC1F CCl3 (1835 g., 9.0 moles) in g-propanoi

2 _
.. (800 ml.) was added to zinc dust (975 g., 15.0 g. atoms) in
Créfiﬁxiﬁg n-propanol (2000 ml.) with rapid stirring. Anhydrous
" zinc ‘chloride (ca. 2.0 g.) was added to initiate the reaction.

The rate of addition of Freon 112A in n-propanol was adjusted to

ﬁﬁi‘fmaintaih refluxing. CF2=CC12 (1040 g., 07.8 moles, 87%) was

'7f¢011ected-in an external trap colled to -78° in dry ice/acetone

. after passage through a drying tower packed with anhydrous CaS0,.

‘Bromination of 1,1-dichloro-2,2-difluoroethylene

- Bromine (400.0 g., 2.50 g. atoms) was placed in a flask and
stirred rapidly whilst the olefin CF2=CC12 was bubbled through
a a sintered disc (332.5 g., 2.50 mole). Addition of olefin was
discontinued when the bromine color began to fade, with futher
stirring the color of bromine was discharged completely to leave
CF,BrCC1

2 2
ir spectroscopy.

Br (705.0 g., 2.40 moles, 96%) which was identified by

Oxidation of CBrFZCBrCl2 .

CBrFZCBrCI2 (600 g., 2.05 moles) was Placed in a flask fixed

with an addition funnel, magnetic stirrer and reflux cdndenser

Fuming sulphuric acid (450 ml. 40%) was added slowly (1 hr.). The

Y
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reaction mixture was heated to ca. 90° (3 hr.) and maintained at

. this temperature (3 days), the gases evolved were bubbled into

E methanol

The methanol was added to water (500 m1.) and the organic

layer separated, washed with water (3 x 300 ml.) then dried (mgSO4).
Fractional distillation of this material afforded CBerCOZMe (230 g.,

1.22 moles, 60%) b.p. 94-98°,

Preparat1on of CBrF CO7\a from CBrF COZWe

Me (205 g., 1.08 mole) and ethanol (150 ml ) were

o b4

~ CBrF,CO

2772
placed in a flask which was fitted with a reflux condenser, magnetic
sitrrer and dropping funnel. A solution of potassium hydroxide
(1.08 moles) in ethanol (100 ml.) was added to the contents of the
flask (3 hrs). The reaction mixture was stirred (8 hrs) then
cooled and ethanol was removed under vacuum. A white solid was
obcained which will be reacted with conc..sulphuric acid to obcain

the free acid, CBrF,CO

2 ZH'

~ Preparation of CFzBrCOZH

Na (187 0g., 0. 95 mole) was: placed in a 3 necked

' CFzBrCO2 |
»flask fitted w1th a magnetlc stirrer addltlon funnel and dlstlllatlon ‘
: apparatus (air condenser). The receiver flask was cooled in
dry ice/acecone and the apparatus was evacuated. Conc. sulphuric
aicd (98%) waslslowly added to the contents of the flask, geutle
heating was applied by means of an‘oil bath. A white solid
condensed in the airlcondenser uhich, on uarming, passed into

the receivér flask. This white solid was jdentified as CFzBrCOZH

by ir spectroscopy (1570 g., 0.90 moles, 95%).
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Preparation of CFzBrCOCI_

. CF,BrCO,H (148.0 g., 0.85 mole) and phosphorods pentachloride

2
A(208 5g., 1.0 mole) were placed in a flask fltted with fractional

, dlstlllatlon equlpnent and a magnetic stlrrer. The flask was

. 2
distilled{76%) from the flask (bp 30-35°) and was collected in a

~ heated slowly in an oll-bath, CF,BrCOC1 (123.0 g.,'0.64 mole}

cooled receiver and identified by'ir Spectroscopy..

Preparation of CF,BrCOCI directly from CF,BrCClzBr.

-CFzBrCClZBr (300.0 g., 1.03 moles) was placed in a flask

fitted with a reflux condenser, magnetic stirrer and addition funnel.

Oleum (225 m1, 40%) was added slowly (1 hr.). The reactlon mixture
was heated to ca. 85° (3 hr.) and maintelned at this temperature.

(3 days). The gases evolved were condensed in a cold trap cooled

to -78° in dry ice/acetone. The contente of the cold trap were
~p1aced in a 3 necked flask, cooled to ~+78° and fitted with an addition
- funnel and dlsullatlon set-up. | Aniéole was dropped slowly.ipto' |

the flask Wthh was allowed to warm to room temperature slowly
r‘The bromlne color was dlscharoed and HBr was evolved, the requ1red

: ac1d chloride CFZBrCOCl was then distilled out at 30- 35° (97 0 g.,

0.51 mole, 493 ) and was 1dent1f1ed by ir spectroscopy

Preparation of CF,BrCOF

 CE.BrCOCL (85.0 g., 0.44 mole) was cooled to ~78° and added

2
slowly to Zan (103.0 g., l.O-mole) in diglyme (ca. 100 ml.)
"Volatile products were removed via an ice/water condenser and
collected in a trap cooled to -78°. I.R. spectroscopy indicated
the contents of the -78° trap to be CFZBr COF (51.0 g., 0.33

mole, 76%).
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The Reaction of CF,BrCOF, F~ and CF,CF-CF,.
v 2 39y 2

A 120 ml autoclave was loaded with dry diglyme (30 ml) and
dry CsF (8.0 g.). lt was then sealed, cooled to —1965 and
evacuated. The autocalve was maintained at -196° while CFZBrCOF
| (35.2 g., 0.20 mole) and crscgégpz (33.2 g, O-ZO‘molé)'Wetev.

condensed in. The autoclave-was rocked at'30° (72 hrs), then.
cooled to -78° and methanol (30 ml ) added. After attaining
;amb1ent temperature, the contents of the autoclave were poured
v1nto ice water and the organic layer was separated washed w1th
water (3 x 150 ml) then dried (CaSO,). L |

A D1st111at10n of this organic mater1a1 using a sp1nn1ng -band
_colunn afforded CF 4CE ,CO0, Me (23.5 g., .0. 13 mole,_64 ) bp 59- 61°,
and. CF,BrCO Me (24.0 g., O. 13 mole, 65%) bp 95-96°. Both products

- were characterlzed by ir and glc comparlson with known pure samples

,Reaction of heXafluoroacetone, jodide ion and hexafluoropropene oxide -

N _Sod1um 1od1de (15 0 g. L 0.10 mole) uhich was previously)
vacuum drledand dlglyme (ca 40 ml) were placed in a Flsher-

' Porter tube Wthh was then cooled to -196° and evacuated Hexa -
floroacetone (16 6g, 0.10 mole) was condensed into the tube which
was shaken at 30° for 48 hrs. " The tube was again cooled to —196°
and hexafluoropropene oxide (16.6 g, 0.10 mole) was condensed
into the tube Wthh was again shaken at 30° (72 hrs) The tube
was cooled in ice and methanol (ca. 15 ml) was taken into the tube
.which was shaken whilst attainingzroom temperature. The reaction
mixture was poured into ice/water and the organic products were
'extracted.with ether. The ether extract was dried (CaClz) and the

ether removed by distillation. Fractional distillation of the

remaining material afforded CFSCHFCOZMe (3.0g) and (CFS) CF 0 CF(CFS)CO
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(19.5.g, 0.06 mole, 60%) b.p. 108-118°. The ir and nmr spectra
of the major product were consistent with the proposed stucture.

£

A viscous residue remained which was not investigated futher.

Attempted formation of ICPZO‘ and its reaction with hexafluoropropene OXi

" A 120 ml Monel autoclave was charged with.dried sodium iodide-
(15.0 g., 0.10 mole) and dry diglyme (ca. 50 ml). The autoclave
was cooled in liquid nitrogen and evacuated.cérbonyl fluoride
(8.5 g., 0.10 mole) was condensed intovthe vessel which was rocked
at‘room temperature (72.hrs). The vessel was-qooled to -78° and
~methanol (ca. 20 ml.) introduced. After warming fo foom temperatﬁre
the contents were poured into water. The organic layer was
extracted with ether, dried (CaSO4) and the ether removed by
distillation. G.l.c. analySis of the reﬁaining material (ca. 6 g)
indicated a complex produét mixture with no éingle component
predominating, tﬁis was not investigated further.

Reaction of hexafluoroacetone, iodide ion and hexafluoropropene oxide

Sodium iodide (dried; 15.0 g, 0.10 mole) and diglyme (ca. 30 ml)
were piaced in a Fisher-Porter tube which was then cooled to -196°

and evacuated. Hexafluoroacetone (16.6 g., 0.10 mole) was condeﬁsed

into the tube which was then shaken at room temperature (ca. 30°)

for 48 hrs. The ﬁube was again cooled to 5196° and hexafluoropropene
oxide (16.6 g., O.lb'moie) was condensed into the tube which was
agaih shaken at room temperature (72 hrs). 'The“tﬁbe was cooled

in ice and methanol (ca. 15 ml.) was taken into fhe tube which was
shaken for 1 hr. The reaction minure w;s poured into ice/water

and the organic products were extracted with ether, the extract

was dried'tCaSO4) and the ether was removéd by diétillation.
Fractional distillation of the reméining material yielded CFSCHFCOZMe

(3.2 g.) and a higher boiling fraction which is at present under
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ReactiOn of Cyanide ion-énd Hexafluoropropene Oxide.
Dry potaséium cyanide (6.S‘g., 0.10 mole) and drigd dimethyl-

formamide (ca. 35 ml) were placed in a Fisher-Porter tube. The
. tube was cooled to -196° and evacuated, hexafluoropropene oxide
_(1§.6 g., 0.10 mole) was condensed into the tube which wa; then
shaken at 30° (48 hrs). After cooling to -78°, methanol (ca, 15 ml.)
was taken into the tube which was then shaken whilst attaining

room temperature. The contents were poured into water and the organic
material was extracted with ether, the ether extract was dried
(CaSO4) and the ether removed by distillation. A viscous black

tar remained which was not investigated further. A repeat of this

reaction using diglyme as solvent also yielded a viscous tar.

v'i‘vl-lhé.;'ﬂe;a‘ction of zinc cyanide and hexaﬂuoropropene oxide,

Zinc cyanide (11.7 g., 0.10 mole) and dry diglyme (ca. 30 ml.) were placed
ina Fisher-—Por.'ter tube which was evacuated and cpoled to -1960.. Héxaﬂuoro-
pr;)pene oxidé (16.6 g., 0. 16 mo_le) was condensed jnto the tube wﬁich was then
‘shaken at room tempei‘ature (ca. 28%) for 220 ﬁrs. The tube was cooled in dry
ice/acetone and methanol (20 ml.) was added. The tube was shakén whilst |
attaining axhbient temperature, The cqntents of the fube ‘were poured into water; .
.the solid material was filtered off and washed witl»lketh.er. The filtrate was
extracted with ether,thén washed with water and d;ied (CaSOy4). The ether was
removed by distillatic;n and the remaining méterial (14,0 g) was separated by

preperative g.l.c. into 2 components. Identification of these compounds

- - T

could not be definately made.

The reaction of CFSCfCS/FZ and Ag CN.

A Fisher-Porter tube was loaded with dried AgCN (13.4 g.,

0.10 mole), calcuim oxide (5.6 g., 0.10 mole) and acetonitrile
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(3\“5 ml.). The tube was cooled to -196°,» evacuated, and hexafluor*Opropene
oxide (16.6 g., 0.10 mole) was condensed in. The- tube was shaken |

at ca 28° (240 hours), then cooled to -78° and methanol (20 ml).

.added and again shaken whilst attaining room temperature (1 hour)

‘then for-a futher 2 hours. The volatile contents of the tube were

\'cnted into an e*cternal trap at -78° (unreacted CFSCF CFZ)

0 _
The remaining material in the tube was poured.into ice-water and
extracted with ether. The ether extract was dried (CaSO ) and

the ether was removed by di stlllatlon to 1eave a mater1a1 (2.4 g),

g.l.c. ana1y51s of which indicated a mixture of elght components.

Reaction of calcium carbide and hexafluoropropene oxide,

Calcium carbide (6.4 g., 0.10 mole) and acetonitrile (@_. 60 ml,) were
- piaéed in an autoclave which was sealed, cooled to -196° and evacuated. Hexa-
ﬂuoropropene oxide (33.2 g., 0.20 mole) was condensed into the autoclave which
was then rocked at 80-90° (36 hr.). The autoclave was coole.d in dry 1ce/acetone
and methanol (30 ml.) added then rocked whilst attammO' room temperature. The
contents of the autoclave were then filtered and the filtrate poured into water. The
organic material was extracted with ether, the extract was was washed with
" water (6x 2.00 ml,) then dried (CeS Q). V-After. removal of ether., a small amount of
terry material was obtainzed. |
The reaction was repeated using sulpholane, in this case CF3CF2C02Me
(507 ycild) was the only isolated product. ' When carried out in diglyme or tetraglyme,
the ester CF43CF(OMe) COMe was obtained (ca.50%). A tar was obtained when the

reaction was carried out using benzonitrile as solvent.

“.0.‘
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Attempted reaction of lithium acetylide and hexafluoropropene

oxide

The ethylene diamine complex of lithium acetylide,
LiC=CH- HZNCH2
were placed in 120 ml capacity steel autoclave. The autoclave

CH,NH, (9.2 g., 0.10 mole) and'digiyme (40 ml)

was cvacuated, cooled to -196° and hexafluoropropene oxide

(16.6 g., 0.10 mole) was condensed. The autocalve was rocked
‘ ,at'28° (24 hrs.). After reacting the-volatile-productsvwére
vented into a‘trap cooled™cs -78° (heXafluoropfopene oxide and
acetylene) and the remaining reaction mixture was poured iﬁto‘
"ice/conc. HCl, again products were extracted with ether. " The
ether extract was wasﬁed with water, dfied (CaSO4) and the ether
was removed by distillation to yield ca.- 1.0 g of tarry material'

which was.not investigated further. -

. - ..'The preparation of HC= CNa and reaction with hexafluoropropene oxide

Sodium metal (4.6g. s 0.»20g.' atom) was placed in a flask with dry toluene
(80 ml.). The flask was heated until the Sodium melted, the flask was stoppered,
- shaken vigorously, then cooled rapidly. The toluene was siphbne.d off the.finely :
divided soc'iium; which was then washed with THF(2x100 ml.). Dry THF (freshly

distilled from LiAl H,) was placed in the flask and acetylene gas was bubbled in,

(Acefone was removed from the acetylene by passage through 2 dry ice/acetope
traps) The solution became cloudy and the temperature rose to 50°. The |
" reaction mixture was then heated to 556 (1 hr.) to ensuré complete reaction.
The ﬂask was cooled td -10° and hexamethyl phosphorous triamide (10 ml.) was
added. Hexafluoropropene oxide was bubbled into the reaction mixture slowly, -
| the mixture blackened immg&iately and after the addition of approx. 2g. of

epoxide an explosion occurred,

The reaction was repeated using identical conditions except hexémethyl
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phosphorous triamide was not added to the reaction mixture and hexafluoro- ' ,
. propene oxide (3'3.2'g. , 0.20 mole) was added via a dry ice/acetone condenser.
The reaction mixture again blackened, it was poured onto ice/HC] and the organic
material extracted with ether, the éther extract was washed with water then dried ~

(CaSQ;). Removal of ether by distillation yielded only a viscous tar,

Preparation of iodine monochloride.

Iodine (1530 g., 6.0 g. atoms) was placed in a flask fitted
with a gas inlet tube and reflux condenser. Chlorine gas was
_passed into the falsk until the contents became completely liquid.
The iodine monochloride was reacted diréctly with chlorotrifluoro-

ethylene.

Reaction of iodine moﬁbchloride and chloro’triflﬁoroethylenet
A 1200 ml. autaclave was loaded with_iodine monochlqgéde

(863 g., 5.3‘g. atoms) and chlorotrifluorocethylene (600.gf, 5.2 moles).

The autoclave was rocked at 26° (55 hrs), then opened and the

- contents washed with 10% aqueous sodium bisulphite, watef, ahd

'drieé (MgSO4). Fraction distillation usiﬁg a Vigreux column and 

partial take-off head afforded CF,C1CFCLI (1130 g., 4.1 moles,

). |

Preparation of CFZCICFCICPCICFZQL

78

o

A 2000 ml flask fitted with a mechanicai stirrer, reflux
" condenser and addition funnel was loaded with CFZC1CFC11 (700 g,

<.

2.5 moles), acetic anhydride (220 ml) and dichloromethane (220 ml).
Zinc dust (200 g.) was added to the:contents of the flask in small

amounts over 5 hours. The reaction mixture was stirred at room
temperature overnight, the unreacted zinc was removed by filtration

and dilute sulphuric acid added dropwise to hydrolyze acetic

l,l.‘
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anhydride present. The organic layer was washed with water. (4 x

800 ml), then neutralized with saturated potassium carbonate solution
and_Washed again with water, then dried (CaSO4).' After remdval

of diéhloromethane, fractional distillation of the remaining
material yielded CFZCICFC1CFC1CF2C1 (182‘g;, 0.60 mole, 48%)

b.p. 133-138°, _ |
Declorination of CFZCICFC1CFC1CFZQL.

' ‘Zinc dust (325 g., 5.0 g. atoms)vand ethanol (600 ml) were
placed in a flask ﬁhich was fitted with a mechanical stirrer,
addition funnel and reflux condenser the top of which was connected,
. via rubber tubing, to a -78° Eoid trap. 'Thé reaction mixtufe was
heated to reflux with rapid stirring and CF,C1CFCICFCICF,C1 |
(180.0 g., 0.59 mole) was added slowly (4 hr,).“ The gas collected
in the cold trap was passed through 10% aqueous sodium hydroxide,
the fractionally condensed in vacuo to yield perfluorébutadiene‘
(89.0 g., 0.55 mole, 93%) which was charactefized by i.r. spéctroscopy.

Preparation of Perfluorobutyrvl fluoride.

Potassium fluoride used in this reaction was dtieq_by heatiﬁg
to 150-160° in vacuo- (2 days). Diglyme used was distilled from
1ithiﬁm aluminium hydride. B

PotassiumAfluoride (7S.b g.) and diglyme (256 ml) were heated
jn a 1000 m1 flask to 120° with rapid sturring. Perfluorobutyryl

chloride (100.0 g., 0.46 mole) was added slowly (4 hr.). The

perfluorobutyryl fluoride formed was distilled from the reaction
mixturé ﬁig.a Viguéux cqlumn and partial take-off head. The distillaﬁe
~was then subjected to careful fractional distillation, perfluoro-
butyryl flﬁoride (82.5 g., 0.38.mole, 83%) was.obtained,,b.p.

12-14°, which was characterized by ir spectroscopy.

e



48

Preparation of perfluoroglutarvl fluoride

Potassium fluoride and diglyme used in this reactlon were
drled as descrlbed in the preV1ous experlment

Pota551um fluorlde (128.0 g., 2.2 moles) and diglyme (480 ml)
“were placed in a flask fitted with a mechenlcal stirrer, addition
.funnel'and Vigreux column surrmounted by a partial take-off
"head. The reaction mixture was heated to 125° and stirred‘;apidiy
, wh11e perfluoroglutaryl chlorlde (200 g., 0.73 mole) was added. |
Crude perfluoroolutaryl fluoride was distilled from the reaction
mixture continuously, then carefully fractionated to yield the
pure compound (158.0 g., 0.65 mole, 90%) b.p. 46-47°, which was
characterized.by i.r. spectrosc0py.‘ ‘ |

Reaction of hexafluoroacetone and perfluorobu tadiene

Hexafluoroacetone (9.95 b., 0. 06 mole) and perﬂuoroloutadiene (10.0 g., 0,06 mole)
.were placed in a ultraviolet reactor (Hanovia 45>0 watt lamp) and irradiated (10 hr,).
» After reactlon ‘the non volatile material was d1st111ed to y1e1d a major component
_.b.p. 71-76 , which has been tentatxvely identified by i.r. and n.m.r. spectroscopy as

' A» 9F2=CF~C‘I~‘-CF2

CFg—C =0

CF3 |

Reaction of CF2=CFCF=CF2 and CF3CF2CF2COF'

CF3CF2

1 0.08 mole) were condensed 1nto a ultra v101et reactor and then

CF COF (30.2 g., 0.14 mole) and CF CFCFCFZ, (11.3 g.,

jrraditated with a 450 watt Hanovia lamp (12 1/2 hrs ). The
reaction mixture was removed from the reactor and fractionally
distilled to yield a single component bp 59° and a residue which

was shown by glc to be a complex mixture. Further investigation -/

‘“.l ¢
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- of the comparent b.p. 59° indicated it to be perfluoro-n-hexane
‘(this was characterized by comparison of nmr and infrared spectra

with those of a known pure sample sample).

React1on of Lithium Chloride and. Hexafluoropropane oxide

Anhydrous lithium chloride (8.5 g., 0.20 mole) and diglyme
(50 ml, distilled from LiA1H4) nere placed in a Fisher-Porter
tube. The tube was cooled to -196° and evacuated, hexafluoropropene
~oxide (33.2 g., 0.20 mole) was condensed in. The tube was shaken
at room temperature (24 hrs). Then methanol (20 m1) was added.
~The tube was opened, and the contents ponred into water, the
organic material was extracted with ether. The ether extract
was dried andvether removed by rapid distillation. Fractional
_distillation of the remaining material yielded methyl a-chloro-
perflooropropionate'(35.8 g., 0.184 mole, 92%) identified by nmr'
spectroscopy. | .

The reaction of hexafluoropropene oxide and perfluoroglutaryl fluoride

'Diglyme was diatilled from lithium aluminium hydrlde

1mmed1ate1y before use.

A 1 11tre 3 neck flask was fltted w1th an addltlon funnel,

g magnetlc stlrrer, thermometer and rubber septum. Caesium fluoride

(7.6 g., 0,05 mole) was placed in the flask and heated at 170°

(18 hr) at full vacdum. The flask was cooled and let down to

dry nltrogen Diglyme (72 ml) and perfluoroglutaryl fluoride

- (122.0 gT;"O 50 mole) were placed in the flask whilst purging with

e pmn e 1 Tl e e e S L A o e e

e e —

dry nltrogen The flask was closed and exacuated to 90 mm Hg and

_ hexafluoropropene ox;de was bubbled into the flask through a

51ntered tube

- = .- —— e . mmeme et e e

After the add1t10n of 699.g of hexafluoropropene ox1de a

oy Af +h~ o '-r-f1nn mivtnre *rac ﬂn:ﬂvvpd hy olc. thic showed
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'the prescence of mainly hexafluoroproﬁene oxide tetramer, pentamer

Sl e T - -

""" ’'and hexamer in addltlon to 5 and 6 EDAF's. -The reaction was

contlnued unt11 a_total of 1120 g' of hexafluoropropene oxide had

= - o e ——— e A TS ST

been added At thls p01nt olc ana1y51s of the reaction mixture

o 1nd1cated the follow1ng approx1mate comp051t10n

(HFPO)3 7.5%"~'?~; P EDAF 4%
"“ﬁ'(HFP0)4 7% '”f"‘"ﬂ""""*””%7w 7-EDAF  25%
(HFPO) ;24 - | §-EDAF 153
(HFPO) ; or JEDAF  15% 9-EDAF  trace '
5-EDAF  1.5% |

The upper dlglyme layer was seﬁarated from the acld fluoride
layer and the acid fluoride mixture was placed in a 1 litre |
d15t1111ng flask with a thermometer -well. Extremely careful
fractional dlStlllathD of this material was carrled out u51ng a

silvered vacuum-jacketed column (2 1/2 feet) packed w1th glass

" helices (1/4" dia) and a partial take-off head. Below are listed

the major fractions obtalned, intermediate fractlons are not listed.

Boiling range ~pressure, mm. Hg weight, g.  composition

30-35 0.25-0.30 - 117 | (HFPO), 95%
40-45 S 0.25 .96 (HFPO) ¢ 98%+
46-60 | 0.25 65 (HFPO) , or 4-EDAF 83%

63-78 0.20 20 5-EDAF 80%; GEDAF 205
78-80 . . 9.10 - - T - 78" - 6-EDAF 90%; 7-EDAF 10%
' 103-107 0.10-0.08 7 345 7-EDAF 93%; 8-EDAF 85%
1.118-119 ~ 0.08 Py §-EDAF 95%; 9-EDAF 5%

120-123 0 0.08 - 31  8EDAF 13%; 9-EDAF 873%
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' Preparation of the dinotassium salt of EDAF (5-7)

EDAF (6-7)(78.0g.) were added to water (250 ml) with rapid st1rr1oor (2hr.).
Potassmm carbonate solutmn (10%) was avdded until the solution became necutral to
1itmrxs. Benzene was added to the mixture and the water was removed by azeotrope
formation with benzene, Considerable difficulty was eneountered during this
operatijon due to foaming of. the reaction mixture, After removal of water anri benzene
t;he fine white po\_vder was dried in vacuo over phos_phorous pentoxide 6 days-);

Pyrolysis of the dipotassium salts of EDAF (5-T).

The dipotassium salt (ca. 50.0g.) was weighed out ‘in a dry-box and placed in a
pyrex glass ampoule (ca. 150 ml. capacity).v The tube was heated with within
fu‘rn'ace at 230-240° (14 days) whilst connected to an external trap cooled in liquid -
nitrofren the whole apparatus being evacuated (0,10mm Hg.). The reaetion yielded

30.2¢g. of a colourless liquid which was shown by i.r. spectroscopy to contain the

CF2=CF- grouping.

Phatolysis of nerfluoro-1,5-hexadiene and 7,8-FEDAF

A. 7-EDAF (25.0 g.) were placed in a silica glass ampoule
(approx. capacity 150 ml.), and held at full vacuum (1 hr.) to
‘remove dissolved gases. The tube was cooled to -196° and perfluoro-
-1, 5 hexadlene (1.0 g.) was condensed into the tube The tﬁbe was
sealed in vacuo- then warmed to room temperature and irradiated

~at a distance of ca. 20 mm from a 450 watt Hanovia ultraviolet

sourceA(130 hrs.).

lll,‘
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After reaction viscous liquid material was poured from the
tube, the remaining semi-solid material was refluxed with Freon

113 (2 1v.). Material inslluble. in Freon 113 was separated,

washed with Freon 113 then dried in vacuo. Microanalysis of this

material (165-E):
Found: C, 22.41; H, 0.03; F, 68.22 calculated for the

repeating unit,

cpz-o | CFS*--_ CF CFy  0—CF,
-CE,- CF—-CF{OCF CF) LO(CF,) ¢ O(CFCF 0) cpcp 00, CE~CF- CFy-; M + N=7

c, 23,0; H, O ; F, 68.3%.
(End groups disregarded; characteristics of material indicated
acyl fluoride end‘grbups.)

Material soluble in Freon 113 was also separated as a semi-
solid mass after removal of Freon 113.

B. Whilst purging with dried nitrogen 7,8-EDAF's (48 5 g.)

and perfluoro-1,5-hexadiene (2.5 g.) were placed in a ultraviolet

reactor consisting of an outer vessel and an inner water cooled
quartz glass lamp tube. The vessel was placed in a horizantle
position and the. material in the outer jacket was irradiated
(165 hrs). During irradiation (450 watt HanOV1a lamp) solid
material became apparent in the reaction mixture, especially at
the 1iquid/glass interfaces. After reaction a viscous liquid

o

material (199-A) was poured from the vessel. The remaining K
' : . /

material was washed from the vessel with Freon 113, and matsfial

insoluble in Freon 113 was separated (199-B). This insolgﬁle

material was refluxed with Freon 113 (3 hr.) and insoluble

i
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material was Separated,'washed and all Freon 113 was.removed
(199-D)., (23.0 g). Infrared spectroscopy of material 199-A
indicated the presence of acyl fluoride groups, also materials
199-B, 199-C, and 199-D appeared<to contain acyllflubfide end

groups.

Photolysis of perfluoro-1,5-hexadiene and 7,8-EDAF's followed by

end-capping of material

7,8-EDAF's (32.5 g.,) and perfluoro—i,s-hexadiene (2.0 g.)
were placed in a silica glass ampoule to which had4béen fitted
a graded glass section and pyrex Fisher-Porter stopcock. The
material in the tube was degased, then irradiéted (72 hrs.)
using a Hanovia 450 watt ultraviolet source. During this initial
" jrradiation period solid material became appareﬁt in the tube.
The volatile material was pumped off (small amount of COF2 + CO)
tﬁe tube. cooled to -196° and hexafluoropropene (ca. 1.0 g) was
condensed into the tube. Irradiation was.then carried out (12 hrs).
Volatile material was again pumped from the tube (unreacted hexa-
fluoropropene), the tube was cooledAtb -196° aﬂd hexafluoroatétbﬁéq
(ca. 1.0 g.) was condensed into the tube. Irradiation was again
carried out (12 hrs), and the volatile material (unreacted hexa-
fluoroacetone) was pumped from ‘the tube. The resulatant material
was washed from the tube. The resultant material was washed
from the tube with Fréon 113; Matefial which was insoluble in
refluxing Freon 113 was separated (9.5 g) (249- A), in addition

material insoluble in cold Freon 113 (249- B) and materlal soluble

in cold Freon 113 (viscous liquid 249-C) were separated.
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Photolysis of perfluoro-1,3-butadiene and EDAF's

7-EDAF (35.0 g;) was placed in a silica glass ampoule.
(capacify approx. 150.m1), the tube was evacuated and cooled tb
-196°. Perfluoro-1,3-butadiene (1.5 g.) Was condensed into the
tube which was then sealed in vacuo and irradiated using a
450 watt Hanovia ultraviolet source (96 hrs). During this period
SOlld material became apparent in the tube. The viscbus liquid-
material was then poured from the tube (149-A), the remaining
solid and semi-solid material was washed from the tube with Freon
113, Material soluble in refluxing Freon 113 (149-B) and material
insoluble in refluxing Freon 113 (149-B) and material insonluble
in refluxing (3 hrs) Freon 113 (149-C) (4.0 g) were separated,
and Freon 113 removed in vacuo. This reaction was not repeated
using the water-cooled ultraviolet reactor described previously

due to the low boiling point of perfluoro-1,3-butadiene (6°).

Photolysis of perfluorobuta-1,3-diene and EDAF's followed by

end-capping of material.

7,8,9-EDAF's (20.0 g.) were placed in a silica glass ampoule
fitted with a Fisher-Porter stopcock and held in vacuo for 1
hour to remove dissolved gaées. The tube was then cooled to
-196° and perfluoro-1,3-butadiene (1.0 g) was condensed into the
tube. After attaining room temperature the tube was irradiated
at a distance of approx 5 mm. from a Hanovia 450 watt ultra-/
violet lamp. During this time the temperature of the tube wag
80-90°, Irradiation was carried out for 60 hours; during which
time solid material became apparent in the tube,lespecially at

the liquid-glass interface. The volatile materials (small amount
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of COF, and CO) were pumped from the tube which was then cooled

to -196° and hexafluoropropene (1.0 g.) was condensed into the

tube. Irradidtion was then cafried out (12 hr). Volatile

material was again pumped from the tube (unreacted hexafluoropropene)
- it was cooled to -196° and hexafluoroacetone (1.0 g) condensed

into the tube irradiation was again carried out (12 hrs). Volatile
material (unreacted hexafluoroacetone) was pumped from /the tube

and the material washed out with Freon 113. This was separated

1nto three parts 253 A,insoluble in refluxing Freon 113 (3 hrs) -
(12.5 g); 253-B. insoluble in cold Freon 113 (4.3 g) and 253-C,

soluble in cold Freon 113 (3.5 g).

Photolysis of perfluoro—1,7-octadiene and EDAF's

A. 7-EDAF (30.0 g) was placed in a silica glass ampoule
and -held under vacuum (1 hr) to ‘remove dissolved gases. The
tube was then cooled to -196° and perfluoro—1,7-octadiene (1.5 g.)
was condensed into the tube, which was jrradiated at a distance
of 20 min from a Hanovia 450 watt ultraviolet source'(165 hrs).
Viscous liquid material was poured from the tube. Semi-solid
and solld_materlals were washed from the tube with Freon 113,
and refluxed with Freon 113 (3 hrs). Material insoluble in
refluxing Freon 113 was separated and Freon 113 removed to yield
10.5 g solid material (161 A). Material soluble in refluxing'

Freon 113 was also separated (161-B).

B. 7,8-EDAF mixture (29.0 g.) and perfluoro—1,7—octadiené
(1.8 g) were placed in a ultraviolet reactor under dry nitrogen.

The ultraviolet reactor consisted of a outer pyrex jacket and an
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-vlnner quartz glass w&ter cooled 1amp tube. The reactor was
iplaced in a horiantle position and the material was 1rrad1ated
(20 days). At the end of this 1rrad1atLon period only a small
iamount of sem1 solid material was present. The material was.
 washed from the reactlon vessel with Freon 113. The samll amount

(ca. 0.5 g) of 1nsolub1e material was separated, and after removal

- ﬁ‘ofﬂFréon 113, a viscous liquid material remained (179-A).

"~ Photolysis of perfluoro-1,7-diene and EDAF's followed by end

cépping of matérial

. 7,8,9-EDAF mixture (20.0 g) was placed in a silica-glass
-'feactlon tube fitted with a Fischer- Porter stopcock. The material
 "was held in vacuo (1 hr) to remove dlssolved gases., Perfluoro-

1, 7 octadlene (1.0 g) was condensed into the tube at -196°.
.;Iheltube was warmed to room temperature and irradiated at a
diétgﬁée of é'mﬁ.'from a 450 watt Hanovia ultraviolet source
4{6§fhrs). During this irradiation period the material in the
tube became extremely viscous. Volatile material was then removed
~from the tube under vacuum (small amounts of COF2 and CO),

 the tube was cooled to -196° and perfluoro-l-heptene (1.5 g)
condensed into the tube. This material was then irradiated (12 .
hours). Voaltile contents of the tube were again removed /.
(unreacted perfluoro—l—hepténe) and the tube cooled to -196° 7

and hexafluoroacetone (1.0 g) was condensed into the tube, //
1rrad1at10n was again carried out (12 hrs). Volatlle material
(unreacted hexafluoroacetone) and the material wasfwashed from

the tube with Freon 113. After removal of Freon 113 oniy én

extremely viscous liquid material was obtained (255-A)..
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- Photolysis of EDAF's in the presence of ditrifluorovinyl compounds

derived from EDAF's

7,8-EDAF mixture (2170 g.) and ditrifluorovinyl compounds
derived from EDAF's (20.0g.) were placed in a ultraviolet réﬁctor
under dry nitrogen and irradiated (168 hrs) using a 450 watt |
" Hanovia ultraviolet source. During réaction solid material
became apparent in the reaction vessel. After reaction, viscous
liquid material was poured from thé reaction vessel (215;&, 18.4 g);
the infrared spectrum of this material indicated the presehce
of acyl fluoride end groups. The remaining material was washed
.from.the reaction vessel Qith'Freon 113 and separated to yield
.materiali215-A, insoluble in refluxing Frean 113 (3 hr) (16.5)
and material soluble in refluxing Freon i13. Properties of
these materials indicated the presence of acyl fluroide end
groups.. |

In a separate experiment 7,8,9-EDAE mixture (22.0 g.) and
tﬁe ditrifluorovinyl compounds.derived from 7,8-EDAF (20.0 g)
were placed in a silica glass tube fitted with a Fisher-Porter
stopcock. The material was held in vacuo (1 hr) in order to
”remove dissolved gases. The tube was then irradiated, during.
which time an explosion occurred (after approx. 12 hrs). It
vis preSumed that the explosion was due to a fault in the tube §ihce

. . ,/
pressure build-up sufficient to blow the tube is unlikely.
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Photolysis of hexafluoropropene oxide tetramer and hexafluoropropene

Hexafluoropropene oxide tetramers (25 g) was placed in a
Quartz glass ampoule f1tted W1th a Fisher Porter stopcock. 'The
.tube was connected to a gas storage bulb, mercury manometer andv
- vacuum l1ine. Hexafluoropropene was allowed to enter the system
Irradiation was carried out (24 hrs) us1ng a Hanov1a 450 watt
‘lamp. After reaction liquid mater1a1 was removed from the tube;
‘the infrared spectrum of this mater1a1 did not show absorptlon

due to the acyl fluorlde linkage.
_ CF3 CF3
-Preparatlon of CF CF CF O(CFCF O)CFCOZK

| Hexafluoropropene oxide pentamer,_‘(HFPO)5 (30.0 g) was added
to water (2 hrs) w1th rapid stirring. Potassium carbonate solution
(10%) was added until the mixture was neutral to litmus. Most
of the water was removed by:freeze-drying technique and the last
"amounts of water were removed from the potassium salt by drying
over phosphorous pentoxide at full vacuum.
| | CFq CF,

' K
Pyrolysis of CF;CF,CF,0(CFCF;0) LCFCO,K

Pyrolysis of the pota551um salt of hetafluoropropene oxide
pentane (20.0 o) at 230° (6 days) ylelded the correspondlno tri-

fluorovinyl compound CF CFZCF O(CFCF O) CF =CF, (12.0 g) whych was

purified by fractional distillation. ‘ /
CFy . , ' ;//
. ! .
Photolysis of CF CF CF O(CFCF O)-CF=CF in presence o%/hexnfluDTonce
e —

¢Fs )
The compound CF-CF,CF, O(CFCF 0) ;CF=CF, (10. 0 g)/was placed in

a quartz glass ampoule fitted with a Fisher- Porteg/stopcock and

connected to a gas storage bulb, mercury manometer and vacuunl line.
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Hexéfluoroacetoné was placed in the systém. Irradiation was
carried out (28 Hrs), using a Hanovia 450 watt ultraviolétilamp.
Liquid material was removed from the reaction tube,' the infraréd'
spectrum of this material indicated the absence of the CF=CF,
group.

Reaction of hexafluoropropene oxide and the sodium salt of diethyl-
malonate ' ‘ : '

See July report: This reaction yielded a complex mixture
of at least six compdnents. (as shown by g.l.c.). Separation of

these products was not carried out,.

Reaction of hexafluoropropene oxide and excess n-butyllithium

Reaction of n-butyllithium (0.60 mole) and hexafluoropropene
oxide (33.2 g., 0.20 mole) was carried oﬁf in hexane/ether using
a 1.4 1. autoclave at 50-55° (24 hrs). After reaction no volatile
material remained in the autoclave, the reaction mixtgre was poured
onto ice/dil. HC1 and the organic.material was extracted, washed
with water, then dried (CaSO4). Hexane and ether were .removed by
distillation. Fractional distillation of the remaining material
yielded the carbinol CF3CF(C4H9)C(C4H9)ZOH (33.6 g., 0.11 molé,_
55%) b.p. 93-94° at 1.0 mm Hg. 'H hmr, OH (singlet) 7.341 and
complex absorption assigned to n—C4H9 groups between 7.60 and
8.727. 19F nmr (TFA ref.), doublet -6.3 ppm (CFS,'J 5.5 Hz) //
and 99.0 ppm (complex multiplet CF). Infrared and mass spectra

and also microanalysis confirmed the proposed structure.

a



